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SUMMARY

This dissertation presents a methodology for evaluating the irop#oé Northwest
Corridor managed lanen total tavel time andnodelledroute choice The Northwest
CorridorExpressd.anegNWC), completed in September 2018, added a total of 29.7 miles
of barrier separategkpresdanes along-I’'5 from Akers Mill Road to Hickory Grove Road
and along 4575 from 75 to Sixes RoadMost research evaluates the effectiveness of
managed lanenplementationsprimarily by computing the travel time savings between
adjacentgeneralpurposelanesand expresdanes under @ assumd value of time Few
research studies examine differencesmiodelledroute choicewhich areattributed to
changes in total txeel time from trip origin to trip destination after the implementation of
amanaged lansystem whichutilizes left turn exit@and entrieswhile restrictingaccess to
general purposkneexitsalong +75 for Express Laneisers The fundamental difference
between the NWC and other managed lane facilities is that the Nw&hbea dedicated
access points which can only be traversed by Express Lane Dsasrswould enter and
exit the managed lanes without crossinggbeeralpurposdanes and are forbidden from
using these dedicated access poifiise mandatory usag# left turn entries and exits to
and from the Northwst Corridor managed lanemay impact the total travel time
experienced bynotoriss entering anekxiting themanaged lanearticularlyby impacting
the distance traveled aloragterial routes A sensitivity analysisvas conductedn toll
ratescharged per milavithin aVISSIM® (version 9.0Yraffic simulaton to observe how
modelledroute choicas impacted after the implementation of the NV#fGm trip origin

to trip desthation from5 A.M. to 11 A.M. The results of th&ISSIM® simulationscan

Xiii



be used to enhance the development of lane choice models, whiohaorently handle
managed lanaystens which restrictaccess tayeneral purpos&ane exits. The traffic
simulation, which include29.7 miles ofthe NorthwestCorridor managed lan€orridor,

162 signalized intersections and approximately 38 centerline milbgeryktateand over

four hundred miles of arterial routes werged to model traffic flow from botimterstate

and arterial routes to and from tmanaged laneAn Activity Based Travel Demand Model
(ABM) provided by the Atlanta Regional Commission (AR€)sed to model trip entry

and exit points for use within the traffic simulatioA sensitivity analysis on toll rates
charged per milevas conducteavithin a VISSIM® simulationto examinethe impactof

the NorthwestCorridor managed lan®n total traveltime and modelledroute choice
Results fronthree casstudies indicated #t estimatedravel time savings occurred most
consistently alongoutes that contained onlytarial andmanaged laneoutes, where the
travel distance from trip origin to thmanaged lanaccess poinis less than two miles.
Some queueingoccursin advance ofmanaged lanexits under two conditions, namely
when travel demands are high, and when the speed variations between leading and
following vehicles are significant due to merging behavior neamtwieaged lanaccess
points. The research found thestimatedravel time savings were most significant in cases
when there is extreme congestion along arterial routes and the proximityn@atiaged
laneentry from the trip origin is less than two miles awdyere are differences in travel
patterns associated with the addition of dedicated Express Lane iagdeggess access
points, particularly at Roswell Road, where Express Lane users save up to thirteen minutes
of travel time Thedissertation concludes with a summary of results, discussion on research

limitations,some advice for practitioners, and recommendafion&itureresearch

Xiv



CHAPTER 1. INTRODUCTION

1.1 Background

TheFederal Highway Administration (FHWA) definesreanaged lanas a
highwayfacility or a set of lanes where operational strategies are proactively
implemented andhanagedn response to changing conditigii3. Lane management
applications include pricing, vehicle eligibility, and access coasahown irFigurel.

Pricing refers to toll lanes where a price is charged during certain time periods to manage
traffic demand, maximize vehicle throughput, aeduce congestionvehicle eligibility

seeks to restrict certain vehicles from usingrttamaged lanewvhile acess control refers

to limitations placed on vehicles to enter or exitrttenaged lanacility through

dedicated exits, slip lanes, or usegeheralpurposdaneexits (1).

Pricing

HOV Lanes Incorporates
3 s Multiple Lane
Vehicle  Truck Lane Restrictions Hanagement

Eligidility  Use of HOV Lanes by
Other Yehicle Groups

Lane Management Strategy

Access
Control

Increasing Complexity with Active Hanagement =—————3>

Figure 1. Lane Management Strategiegl)



1.2 Northwest Corridor Background

The Northwest Corridomanaged lanatilizes a combination gfricing, vehicle
eligibility, and access control lane strategies by acting as a barrier sepaxguiesss
Lane which restricts vehicles with more tha axles and/osix wheels, and through
the reduction of entry and exit points from the facily. (General purposkneexits
along 75 cannot be accessed from thanaged lansincemanaged lanentrancesnd
exits utilize dedicated left exite/from themanaged laneThis configurationdiffers
from mostmanaged lanamplementationswhich typically incorporate the use of existing
Interstateexits In addition to different exit and entrance configurations, travehens
also experience a change in their arterial travel titnen exiting thananaged lansince
dedicated access poirtte notallow drivers toutilize general purposkneexitsafter
they have entered the Express LaAdong I-575,general purposkneexits are
accessible through slip langanaged lanexitswhich merge intdnterstateraffic.

During the morning rush hour§ A.M. to 9A.M.), themanaged laneperates SBlong

[-75 and 1575asmost of theraffic entersghe Central Business District (CBBwards
downtown Atlantaegion A map of the Northwest @ridor shown below ifrigure2

provides the location of access points as well as the locations of reversible lane system,
which operates Southbound from 1A0M. to 11:00A.M. and Northbound from:30

P.M.to 10:30P.M. during weekday$2). Theexpresdanes are typically closed from
11:30A.M. to 1:00P.M.to facilitate lane reversal to accommodate northbound traffic

(2). Table 1below provides information about tkbaracteristics of thaccess poist

used to enter and exit the Express Ldnas |-75, 575, and at the T5/1-285

interchange.Hickory Grove Road, Big Shanty Road, Roswell Road, Terrell Mill Road



represent dedicated access points with Express Lane ingress and egres&bfrorhé
location at the-I75/1-285 interchange representsystemto-systeminterchangewhich
serves as a northbound entrance and a southbound exit. The merge access point north of
Akers Mill Road does not represensystemto-systeminterchange, as it originates on |
75, but itdoesprovide a northbound entrance and southbound exit for vehicles entering
and exiting the Express Lane®n I-575, the access pointsst south 6Sixes Road,

south of SR 92/Alabama Road, and south of Chastain &eaepresented as slip lanes,
which are designated lanes originating on the Interst&i@y) which connect to the
Express Lanes without requiring vehicles to stop. At intersections, slip lanes are
typically designé as channelized right turns which allow vehicles to make a right turn
without stopping for a red light=or this work, northbound P.M. traffic is not considered,

only traffic that enterandfully exits themodel from5 AM. T 11 A.M are analyzed

While several case studies are presented in Ch@ptesre is a greater focumn
trips that exit the Managed Lane at Roswell Road. The simula@ymodel some
travel time savings famotoristswho utilize tre Roswell RoadExpress Lane exftom a
plethora of different originsMotorists utilizing general purpose lanes would need to
travel an additional two miles along arterial routes after exiting/&6B exit 263 (North
Marietta Parkway) or exit 26south Marietta Parkwayhrougharterial routeso reach
thesamearea where vehicles exit the Managed Lane onto Roswell Roadefditee
these dedicated access points should impact the total travel time from trip origin to trip
destinationwhen compared to routes utiligigeneral purpose lanes. Furthermore, the
shortest path algorithms used in simulatway predict changes in routes for these

specific origin and destination3.able 1 shows that there are two primary access types,



namely, slip lane ramps which allow motorists to enter or exit the Express Lanes from the
generalpurposdanes along-b75for a tolland the dedicated access points aleig as
described in Table 1. The dedicated access paiatenly available to Express Lane

users who enter and exit the Express Lane without crossing general purpose lanes.

Motorists cannot access general purpose lanes once they have entered the Express Lanes.

g dl
@ Sixes R

Towne Lake Pkwy

Old Alabama Rd

)
® shallowford Rd
Hickory Grove Rd ®

Wade Green Rd Bells Ferry Rd

Chastain Rd
@ Big Shanty Rd

Chastain Rd
Big Shanty Rd

Barrett Pkwy
Barrett Pkwy

I-575

Canton Connector
Legend
N.-Marietta Pkwy

1 Revarsibla Exprass
Lane ‘

2 Revarsible Express Roswell Rd

Lanes

— nterstate 5. Marietta Pkwy
Major Roads \
Access Points Delk Rd

General-Purpose }
Iinterchange Terrell Mill Rd

Managed-Lane s
Interchange Windy Hill Rd »
Slip Ramp-Northbound

Exit 1-285

Slip Ramp-Southbound |
Entrance

© Akers Mill Rd

-

Figure 2: Northwest Corridor Access Points(2)



Table 1: Northwest Corridor Managed Lane Access Points

. ML Interch: SB '
Hickory Grove Road I-75 nierchange (. Dedicated Merge onto ML from I-75
entrance, NB exit)
. ) Merge onto ML from Big
Big Shanty Road I-75 ML Interchange Dedicated Shanty Road
Roswell Road I-75 ML Interchange Dedicated Merge onto I-75 SB from
Roswell Road
. ) Merge onto I-75 SB from
Temell Mill Road I-75 ML Interchange Dedicated 9 .
Terrell Mill Road
One express lane
. Systemto System ) continues NB in median
I-57/1-75 split I-575/1-75 Interchange Dedicated on 1-75 and 1-575 from
this point
slip ramps for both o
. . Merge onto I-575 via sl
South of Sixes Road I-575 NB entrance and SB slip ramps 9 am viasiip
exit P
slip ramps for both o
. Merge onto I-575 via sli
south of Alabama Road I-575 NB entrance and SB slip ramps 9 am P
exit P
North of Akers Mill Road at I- Systemto System Merge onto ML for
I-75/1-285 Interchange, NB Dedicated rg
75/1-285 . interstate
entrance, SB exit
slip ramps for both L
. . M to ML |
South of Chastain Road I-575 SB entrance and NB| slip ramps erge Or:a?np via sip
exit

According to FHWA tolling involves the imposition of fees for the use of a

roadway facility(1). Tol | i ng strategies are used primar
construction, maintenameducandi gmevagyt comg e
optimizing available road capaci tPy idcumigng
specifically refers to strategies that wvar



manage congesti onl)aPrr iucsien go fmatyh abte fuasceidl ittoy i
behaviocongeduiomax,i mi ze velRbokepthabsghppti
desitgmeensure that travel demand for the m:
effective | ane capacity to minimize traffi
of the managed | ane hirs$aappr wkhi mat eby appoox
| ane c aepaacgch nt ggrualfl casdeere isnormallyan expectatin of improved

travel reliability for drivers utilizingamanaged lane, where travel times are consistent

when measured from day to day or across different times of the day, particularly during

the peak hour rush periodMotorists may expect improved travel time reliability,

meaning that thegxpect taarrive at their destination on time at least 95% of the time

when using the managed larlen a pol i ti cal environment whe
rel atometgnt over the liass &@be yetamadpmed Mma
tolling may provide a mechani Am tolpawyngfor
revenues hadwuei agc bha@delip@mhdemgover nment
agencies may | ook for alternative means to
r e g iThermaximum tolls charged are stipulatediySt at e DOT, Governor
and Tolling Authority in the state of Georgia. Tolls are typically set based on projections

for user demand and the anticipated costs of operations and maintenancReostsie

generated from tolls used to fund maintenance projects and contribute to capital

projects. Tolls are typically reset basedmaffic speed, flowanticipated deman@nd

density conditions in both thgeneral purposandexpresdanes.



1.3 Willingness to Pay

In making the decisioto use ananagedane, drivers are typically concerned with
the following value propositions, namely, access, reliability, and improved performance.
Access refers to the limitation or metering of ingress intddhdéaneto regulate traffic
demand both in the tolled lane ageheralpurposdane There are designated exit and
entry points into the Northwest Qator as refegnced inTable 1 The Express Lane
dedicated access points at Hickory Grove Road, Big Shanty Road, Roswell Road, Terrell
Mill Road, the +75/1-285interchange, and just north of Akers Mill Road are defined as
managed lanimterchanges anare only accessible by motorists choosing to use the
Express LaneThere is normally an expectation of improved travel reliabibtydrivers
utilizing themanaged lanevhere travel times are consistent when measured from day to
day or across different times of the day, particylddring thepeak hour rush periods.
Drivers may expedmprovedtraveltime reliability, meaning that thegxpect taarrive at
theirdestination on time at least 95% of the tiwigen using thenanaged lanelmplicit
in their decision to usermaanaged lanalrivers may expect theanaged lant perform
better than thgeneralpurposdaneby providing travel time savings and a guaranteed
speed in exchange for paying a toll. Furthermore, there are several trip and
socioeconomic characteristics which mniaypactthe willingness to pay for a tolled lane
such as the importance of the trip, the toll being charged, expected travel tims saving

income, travel frequency, value of time, and vehicle ownership



1.4 Research Motivation

The preponderance of the research evaluates the effectivemeasaigfed lane
implementations primarily by computing the travel time savings between adjacent
general purposandexpresdanes underraassume value of time. There is little
simulation workwhich examines how the implementation ahanaged lanmay affect
the routing decisions of travelers from their trip origin to trip destination when the
managed langestricts access @eneral purposkneexits. There is some work where
activity-based models have been applied to analyze routing changes attributed to the
implementation of a new managed lane. The proposed work is the first full simulation
model that examines simulated route choice decisions after the implementation of a new
managed lane network that changes the locations of dedicated access points for Express
Lane motorists. Some dedicated access points provide greater accessibility $3 Expre
Lanemotoristscompared to a network withoah Expresd.ane. For example, the new
managed lane network is substantially different from 188 HOT lanes, where all
dedicated access points remain the same before and after system modifidatidoais
of this research is to us4SSIM® simulation modeling to assess the potential changes
that arise in route choice from using dedicated access points (ingress/egress) after the
implementation of the Northwest Corridor managed laitee simulatiorpredicts that
motoristsbenefit from the location of the new dedicated access points, given the
proximity of these locations to their respective trip origins and destinatidres.
simulation may show that whendedicated access/exit point is located nearthe @ e r 0 s
trip origin and their destination is close to a dedicated exit point, some travel time savings

should be accruedA tolling model based solely upon travel time does not provide an



indication of the fraction of tripgsingthemanaged lanacility since the entry and exit
points to/from thenanaged lanare notcollocatedwith general purposkneentry and
exit points. Even with a tollof zerodollars per miletheremay bemotoriss thatdo not
utilize themanaged lanbecause they may live closergeneral purposkneentry and
exit points where choosing a managed lane may not be viewed as convérhenise of
dedicatechccess pointsiay impacthetotal arterialroutetraveltime experienced by the
traveker when compared to utilizing exft®m thegeneralpurposdanesgiven the

location of themanaged lanexits

Thesimulation may show that threew dedicated access poihtsve changethe level
of congestion along arterial routeslowever, this change would depend primarily upon
how manyvehicles within the simulatioatilize the Express Lane and the locations at
which they entesimulation model The decision taitilize the managed lane may be
significantly impacted by the proximity of their origins and destinations to general
purpose and managed lane exithich ultimately, correspond thfferent total
impedancdtravel costs Drivers generally seek to reduce their travel costghere
maybea greater probability of using the managed lane if those entry points are in close
proximity to their home (origin), while it is plausible that drivers using the general
purpose lane exits for their trip may simply do so due to the proximity of thoseexit
their origin (home) at the beginning of their journ&jhe &isting tolling models are
primarily based upon travel time savings accraed managed lanehich impliessome
assumedalue of time. In the case of the Northwest Comridi@vel time savings
accrued on thenanaged laneannottruly indicatethe number of trips that may use the

managed lanbecausehe location of thenanaged lanentry and exitpointsdiffer from



that of thegeneralpurposdanes Motoristsmayaccruepositive or negativeravel time
savingsduringtheir trip prior to entering or after exiting theanaged laneFor instance,
amotoristcould achieve some travel time savings over the entirety of theardmuse
themanaged laneven if travel time savings on theanaged lanacility are negative
Whether thearterial travel time increases or decreaggématelydepends oseveral
factors includinghe destination of travelethe location ofjeneral purposandmanaged
laneexits in proximty to trip origins and destinationand the level of congestion along

arterial routes.

VISSIM® was used to model traffic flow from bolhterstateand arterial routes to ¢h
managed lant examine whetharew dedicated access pointay changenodelled
route choice Origin-Destination volume dataavetaken from the Activity Based Model
(ABM) provided by the Atlanta Regional Commission (ARC}affic flow data vere
aggregated intéve-minutetime sliceso capture a reasonalkpresentation afrigin-
destinatiortrips throughout the networkl'he volumes utilized within the Atlanta
Regional Commission Activity Based Model are provided by the Georgia Department of

Transportation (GDOT)The folowing questionsareexplainedn this dissertation:

1 Whethersimulationpredicts changes tooute choicdrom trip origin to trip
destination after the implementation of the Northwest Cornaamaged lane
which provides different dedicated access and entry pibiate/erenot available

prior to the addition of the Express Lane.

f UsingVISSIM® Model outputto update lane choice models to addreasaged

laneimplementations whichdd different dedicated access and entry points.
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1.5 Research Approach

Toll rates of $0, $.20, $.50, and $1.00 per raileplaced on managed lane links
within theVISSIM® simulation for the following time periods, namely, 5 A=B1A.M.
and 8 A.M- 11 A.M. Ten separate model runs have been perfortmexlof which
represent the baseline conditions without the managed lane forespelttiveime
periodand eight model runs representthgtoll rates charged per milafter the
implementation of the managed lar@onducting a sensitivity analysis on toll rates per
mile may reveal induced changes in total travel timeraodeledroute choice after the
implementation of the Northwest Corridor managed ,lageealing the travel option that

minimizes impedance.

While an exhaustive treatment describing the simulatiodelis provided in
Chapter$ and6, some discussion of the creation of the simulation netvgqrtovided
to provide the reader with a basic understanding of the research approach. The first step
was to collect trip data from the ARC AB#ttivity-basedravel demand model for
incorporation intd/ISSIM®. Secondlyjnternal and externddoundary conditiongwvhere
vehicles enter and exit the mode®re built within an ArcGIS geographic platform wgin
ABM traffic analysis zongand node data. Thirdlyhese boundary conditions were
replicated withinvVISSIM®, where the roadway and managed lane networks were built.
Fourthly, some transformation of the trip data was needed to cahvgriminutedata
into five-minutedatausingcubic splicing. Fifthly, once thieve-minutetrip data was
obtained, Python script was used to associate trip data with specific origin and destination
zones created withiMISSIM®. Sixth, the trip data was organized irgeventytwo

origin-destinatiormatrices withinVISSIM®, representing eadive-minuteperiod
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between 5 A.Mi 11 A.M. After theVISSIM® model was fully built with links, nodes,
parking lotsand zones, the cost penalties (toll rates per mile) were embedded within the
managed lane links for each of the simulation runs. Next, convergence runs were
performedwithin VISSIM® for all model runs to reduce travel time variabilifyinally,

full runs of all ten simulations were performed and vehicle record datav88IM®
wereobtained. Detailed descriptions of thesenponents within the research egach

are explained in Chapters 4 and 5.

The research seeks to examine changes in route choice associated with the
application of various cost penaltigsll rates per mileafter the implementation of the
Northwest Corridor managed lan®f particular interest are the factors which impact
changes in total travel time after the implementation of the Express Lanes. Average
speeds, travel times, and travel distance along arterials, Interstates, and the managed lane
for each studied route were computed along with the percentage of travel titnevahd

distance spent on each facility.

1.6 Chapter Structure

The effectiveness of a managed lane implementation is typically measured by
examining the travel times between adjacent general purpose and managed lanes.
Previous research examining the effectiveness of managed lane implementations is
presented with padular focus on tolling algorithms, route choice models, and whether
the presence of real time traveler information may impact routing decisions and the
willingness to pay a toll. Chapter2 provides a synopsis of thelling and routing

literature Secions 2.1 describes tolling model approaches with a particular focus on
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tolling algorithms used to optimize the performance of high occupancy toll lanes, while
Section 2.2 provides a synopsis of the tolling literature. Se2t®details the routing
choice models that have been used to estimate how toll rates, heterogeneous demand,
travel time reliability, and other factors may impact traveler behavior. Section 2.
provides a summarnyf how VISSIM® simulationtoolshave been used to analyze the
effectiveness of managed lanveishin routing modelswhile Section 2.5 outlinesome
limitations of tolling and routing models in attempting to encapsulate driver behavior.

Chapter 2 concludes with a summary of the findings from the literature.

1.7  Organization of the Study

This work proposes a novel approach to examine whethiéing decisions are
impacted by location differences (restricted accegeih®ral purposkneg and potential
changes to total travel timehen dedicated access points are used to enter aribleexit
Express LaneAn assumption is madeatmotorists seek to minimize their travel cost
for theirtrips, that is, the lowest impedanpath(costs) which includes travel time,
travel distance, and toltharged.Actual traveler behaviand driver choicarenot
directly modelledin this researcbut predicted through a simulatio his workemploys
aVISSIM® simulation, which utilizes simulated trip data provided by the ARC ABM
2020 model, to analyze route choice after the implementation of the Northwest Corridor
managed laneVISSIM® can be updated to reflect observed changes in routing behavior
if we have additional data and can identify tHewvant causal factors in future research.
Thewillingness to pay a toll may be demonstrated through the routing decs&il@ased
within the simulationwhich may be impacted by several variableghdfsimulation

repeatedlyselectsoutes which exclude thmanaged landuring the AM. peak hours,
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this selectionmay reflect a low willingness to pay a tadispecially for shorter tripome
to work trips However, ifthere is asignificant benefit from use of éhmanaged lane
during theA.M. peak hour periods, particularly for longesmeto-work trips, then thee
may be greatewilling nessto pay a tolffor a certain level oéstimatedravel time
savings VISSIM® traffic simulations wer@sed to model traffic flovbefore and after
the implementation of themanaged lanasingfive-minutespeed and volume data
generated from the Activity Based Travel Demand modiek objective of this research

arethe following:

1 To analyze how location differences and potential travel time differences resulting
from new dedicated access points may impaatielledroute choice from trip
origin to trip destination after the implementation of the Northwest Corridor
managed lane.

f To utilize the data output from thdSSIM® traffic simulation to examine how
restricted access to general purpose lane exits can be incorporated into future lane

choice tolling models.

The results from the simulation may reveal whether there were significant changes in
modelledroute choice after the implementation of the Northwest Corridor managed lane.
As mentioned previouslyoll rates of $0, $.20, $.50, and $1.00 per raileplaced on
managed lane links within thdSSIM® simulation for the following time periods,

namely, 5 A M-8 AM. and 8 AM.-11 A.M.

Chapter2 presents the findings of previous studi@snodel implementation.

Several tolling models are presented which focus on the determination of optimum flow
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ratios, choice processes of users, and their willingregayt a toll for some benefiThe
existing tolling literature focuses on using feedback control theory, simulation, and robust
optimization in real time, selearning, and the application of static density tables to
inform the toll setting process here has been minimal research done on the simulation
of managed lansystems to analyzée effects of location differenceseiw dedicated

access points to and from the managed laAg)lethora oftolling algorithms have been
developed which seek to reveal an optimal toll pricing under heterogeneous traffic
conditionswhich focus almost exclusively on travel time savingsditional research
attempts to disentangle the question of the time varying effects that may occur between
the toll rate, volumes on both the GP amdresdanes and their effect anodelledroute
choice There is significant resear@¥ith route choice models which attempt to model
user behavior under heterogeneous demand| tienas, and toll rates. The review of

the literature indicated gaps in quantifying the potential impacts of total travel time from
trip origin to trip destination on theodelledroute choiceof driversandtheir decision to

use thananaged laneTotal travel time refers to the summation of arterial travel time
andInterstatetravel time from trip origin to trip destinatiorMost current work

concentrates on the trawehe difference between paralgtneral purposandmanaged
lanes as a primary indicator of willingness to patpk but does not consider how routing
dedsions may be affected by location differences aneagéa tahe totaltravd time

after the introduction of dedicated access points

Chapter 3 focuses on studies which utilize VISSIM simulations with the goal of
minimizing impedance to inform the development of a research plan for this work. The

chapter provides a brief synopsis of the VISSIM literature and concludes with a summary
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of findings.Chapter providesthetheoreticafoundatiors used to develop the

methodology. The study objectives and hypotheses are then presented. The underlying
assumptions of the methodology aesatibed along with an overview of the study
methodology. The objective of this researctoiddvelop a sensitivity analysis on toll
ratescharged per milgvithin a trafic simulation which capturgsotentialchanges in
modelledroute choiceafter the implementation of the Northwest Corridmnaged lane

The impact ofeduced access toterstateexitsfor managed lane usessd the

deployment ofledicated access poirabng themanaged laneorridor may mpact

routing decisions and the willingness to pay a toll

Chagper5 provides a synopsis of tliecisioamakingprocess used to develop the
boundary conditions used fboththe Pre and Pos¥ISSIM® microsimulationmodel.
Internal and externddoundary conditions refer to theclations where traffic enters and
exitsthe microsimulation modelBoundary conditions were chosen to incorporate
potential changes imodelledroute choicavhich could be introduced by the addition of
the Northwest Corridomanaged lanevhich imposes access restrictiongémeral
purposdaneexitsusingdedicated left turn exits for traffic exiting theanaged lane
This chapter includedescriptiors of the steps used to build the node and link network
within anArcGIS® environment anthe process used to match the nodes provided within
the Activity Based network witthe network built inVISSIM®. The input data generated
by the Activity Based Travel Demand Model was used to develop Gbgistiration

matricesutilized within theVISSIM® microsimulations.

Chapter6 detailsthe development of theostVISSIM® microsimulaion model

which modelsorigin-destinatiortrips entering and exiting éhnetwork during the AM
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peak hours after the implementation of the Northwest Corndoraged laneDetails

about thanodelsetup of nodedinks, parking lots,0-d matricesand other model
elementsarediscussed Variations to charged liarates per mile were applied at the link
level within VISSIM® to analyzepotential changes ipredicted modelledroute choice

The Wiedemangar following models were used to modekteleration and deceleration
behavior ofurban &d freeway taffic. Standstill distance, time headway, following
variation, thresholds for following and entering, speed oscillation, oscillation
acceleration, and standstill accetera were primary factorssed to predict car

following behavior. Specifically, Chapte8 discusses why travel times, travel time
savings, and toll rates imposed on individual vehicles within the proposed study periods

(5AM.T 8AM., 8 AM.T 11 A.M.) are paramount to resolving the research question.

Chapter7 sets the stage for thdSSIM® microsimulationresultsby describing
therelationshipghat areneeded t@nalyzewhether thesimulation model predicts
induced changes immodelledroute choiceafter itsimplementation The research
assesses thmodelledresults that arise from the catesféect relationships embedded in
VISSIM®, namely the lowest impedance path, which includes travel time, travel
distance, and tolls charge@he simulation results show that travel time savings occurred
more consistentlylang routes containing only arterial and managed lane travel. Travel
times savings were most significant in cases where there is extreme congestion along
arterialroutes,and the managed lane entry access point is less than two miles away from
the trip origin. Additionally, the research shows that the waiting time at intersections
(generally most of the signal cycle length) for vehicles immediately exiting the managed

lane at Roswell RoaHasa significant impact on travel time savingsmajor takeaway
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from the research is that the location of dedicated access points resulted in different
modelledactivity, that is, induced changes in route choiCertain dedicated access and
exit pointswere found tdhave a greater impact on simulated route choice (Roswell Road)

than others.

ChapterB presents the resulés aseries of smaktasestudiesandelaborates on
some of the limitations inherent within the Travel Demand ModeNd8&IM®
microsimulation model Case studies are used to describe the respective path
progressions of vehicles, impacts of arterial travel time tlam@npacts of heterogeneous
tolls. Through examining thenpact of cost penalties applied fmanaged lan&ips, an
estimate of the potential impact of the Northwest Corndanaged lanen andmodelled
route choicecan be provided for home to work trifrem 5A.M. T 11 A.M. A key result
presented is whether tipeesence odlirectaccess pointsvhich represent both a change
in geometryanda change in accegslicy, impacts travel time to and from travel
destinations compared to the previous conf

before the addition of the Express Lane.

Chaptem presentshe contributions of the studg summary of research findings

andprovidessomerecommendations for further research.
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CHAPTER 2. LITERATURE REVIEW

This research proposes a novel appho@modelhow restrictechccesdo the
generalpurposdaneexitsfor managed lane motorists and the introduction of new
dedicated access poirtitsand from the Express Langy impacimodelledroute choice
from trip origin to trip destination after the implementation of tleethvest Corridor
managed laneThe purpose of Chapter 2 isg¢gaminehow travel behavior is impacted
after managed lane deploymentishin the literature While a plethora of key
performance indicatorsan be consideredhaximizing person and vehicle throughput,
improving travel time reliabilitytravel time savings under an assumed value of time, and
buffer and travel time indices angostprevalent in literaturelmplicit within the
inclusion of managed lanes is the need to facilitate excess demand for the network by
providing an optioror drivers to utilize a managed lane for some level of travel time
savingsunder an assumed value of tinfeerson occupancy alowgneral purpose lanes
would theoretically decrease, while some of the excess demand would be captured
throughtraffic diversion into the managed lane. Travel time reliability refers to the idea
that travel times to and from specific origins and destinations when measured from day to
day (Tuesdays vs. Tuesdags;) or across different time periottroughout the day,
particularly during the peak hour travel hoare consistentin short, a buffer time index
indicates extra time that should be budgetgdrvers to reach their destination on time
at least 95% of the timdf a driver averages thirty minutes to make their trip and the
buffer index is thirty percent, an additional nine minutes should be budgeted to ensure

that their trip is completed 95% of the time. Likewise, the concept of the planning time
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index relates to the total travel time drivers should employ to complete th&lb¥ipof

the time. For example, if the free flow travel time to complete a particular trip is twenty
minutes with a planning time index of 1.50, the traveler should budget thirty minutes to
complete their trip 95% of the timé&Jltimately, these performanceeetricsare used to
indicate recurring congestion along routes. Drivers value their time and are willing to
pay for travel time savings. However, the literature indgctiat the tradeoffs are more
complicated than a linear function equating the value of time to the toll charged for some
level of travel time savings. There are cases when a toll is paid even if travel time
savings may be negative when motorists assume that quick toll increases over short
periods of time indicate that traffic O6ahe
when the intent is an attempt to minimize diversion into the managedTaediterature
indicates that the tradeoffs@gar to be more complicated than an assumptiorittbat
assertionthai t i me i SChapter2 suyniarizes the previous reseaociterning

the behavioral patterns of drivers and sets the stage for the simulation modeling work
presented within the dissertatioA.summaryand synthesis of the literatureaiso

provided tohelpidentify the gaps in the literature and betrplainthe research

objective.

2.1 Tolling Model Approaches

Setting toll values under real time conditions, particularly during congested or
hyper congested periodan bedifficult. The existing tolling literature focuses on using
feedback control theory, simulation, and robust optimization in real timdesetfing,
and the application of static density tables to inform the toll setting process within a

managed lanenvironment.
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2.1.1 SelfAdaptiveTolling AlgorithmToll Estimation through Feedback Control

Wang and Zhangroposed a sekidaptive tolling algorithm to dynamically
optimize HOT lane operations based on feedback control theory for a tolling facility
along SR 167 in WashingtdB). The operational goal was to enable the tolling
algorithm to adaptively accommodate traffic variations in a fast and stableN@iy.
lane operation optimization was characterized by two operational criteria, namely,
preserving higkguality travel conditions on HOT lanes and maximizing the total
throughputs.They argued that througixisting toll adjustment, traffic allocation can be
regulated to fully utilize the extra capacity of an HOT lane without degrading its
operational conditions. Feedback control logic was used to calculate the ideal traffic flow
ratio foroptimal HOT lane utilization (3)The optimal toll rate was then estimated
backwards using the Logit model once the traffic flow ratios were kndwe.toll rate
was calculated as a function of travel times in bothgtreeral purposandexpresdanes,
value of time, andhe flow ratio of vehicles using the HOT lane compared to the total
flow for the network (Wang and Zhang, 2009). Thelkate model is shown beloiw

Equation(1).

14l 5 ef a4y SR BRI
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Where TRiot represents the toll rate/vehicle ($),4bF and TTeprepresent the travel
timesi n the HOT and GP | anes (minyganePsoy, U i s

denotes the flow ratio in the HOT laagpresed as %of vehicles utilizing thenanaged

21



laneas a percentage of total flg®). To fully investigate the robustness and
applicability of the proposed tolling algorithm, they conducted simulation tests in
VISSIM® under heterogeneous traffic demand@ite authors note thaiSSIM® models
traffic flow as a discrete and stochastic process, wiherdriver and vehicle are treated
as separate entities, thus preserving individual heterogend®BIM® logic utilizes the
Weidemanr®9 model which involves ten measured parameters. In their study, Wang
and ZhangJ) adjusted standstill distaa, headway time, and minimum lane changing

headway in amordance with the field data.

The calibration procedure for the model was based on base year traffic planning
survey data, Single Occupancy Vehicle (SOV), High Occupancy Vehicle (HOV), and
truck OriginDestination matrices which are input into ¥ SIM® simulation. Virtual
loop sensors were placed into the simulation madebrding tahe real positions on
ramps and arterial roadway$raffic counts and speeds were collected and compared to
the referenceata. If trip counts and speeds varied by more than 10%, the trip attraction
and production in the OD matrices were rebalanced so the differences could be reduced.
The steps of the calibration process were iterated until the volume difference was less

than 10% (3). The steps of the calibration process are shdvigure3 below.
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Figure 3: Flow Chart of Calibration Procedure (3)

The authors found that the large number of weaving movements under HOV

operations degraded the conditions indgeaeralpurposdanes However, after the

implementation of th@igh occupancy toHOT) lane, theGeneralPurpose Lane
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conditions improved as SOVs were reallocated to the HOT [@he.authors stated some
limitations of their study, namely that lane occupancy and flow rate should be
incorporated into the proposed feedbaajoathm to improve robustnesBhey also

noted the importance of more research on the logit model calibration, which should
incorporate better validation of value of time to travel time conversion GtidMartin

(4) noted some strengths and weaknesses of the taljogithm proposed by Wang (3)
Since the algorithm is feedback based, it can adjust the toll rate quickly when dramatic
changes occur in the traffic conditions and adjusts the toll rates gently when HOT lane
performance is critical. The critical category refers to conditions in whechgheds in

the HOT lane range from 45 mph to 50 mgh However, if speeds remain high in the
HOT lane, the algorithm continues to increase the proportion of vehicles allowed in the
HOT lane to greater than 1.0. The authors noted that this causes the natural log function
within the tolling equation to fail. lfthermore, the algorithm occasionally outputs large
negative or positive toll rates when HOT lane performance stays outside the critical
category 4). Therefore, to accurately validate the algorithm, simulations and real time
estimations needed to be fmrmedaccording to the autharsZhang, Ma, and Wang

note that only taking time savings into account do not adequately reflect the processes of
HOT lane traffic assignmeifs). They noted the time saving beten the HOT lane

travel time oftwo minutesand the GP lane travel time thireeminutesis notthe same as
that between the 10inute HOT lane travel time ahthe 11minute GP lane travel time,
fewer motorists choose to pay the same toll for HOT lane utilization for the condition as

it represents dg a 10% impact on travel time savindgg.( The authors recommend that
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both relative and absolute differences in travel time should be incorporated and reflected

in modeling HOT lane traffic assignment.

2.1.2 Toll Setting Algorithm$ Adding Travel Demand Variability

Gardneret al.examined various tolling schemes fagh occupancy talhg
(HOT) facilities andevaluateceach pricing scheme when there is variability in travel
demand6). The authors believe that the successful implementation of HOT lane
facilities depends on the ability of both fixed and time varying timlaccommodate the
stochasticity of travel deman@)( Four toll setting methods were identified in their
study, namely, fixed tolls across time, prescheduled full utilization tolls based on average
demand (FLM), real time density modified full utilization tolls which are set without
factoring in current denmal but incorporating HOT lane density (F2M), and full
utilization tolls where demand is known to the operator prior to the setting of the tolls
(FU-PI). Six performance metrics were identified to evaluate the HOT lane facility,
namelyAverage Passenger Travel time (APTT) and its standard deviation S(APTT)
Average Vehicle Travel Time (AVTT) and its standard deviation S(AVAANJEXxpected

Revenue E(R) and its standard deviation SGR)

The results of their study indicated that a fixed toll ganerdly achieve about
two-thirds of the potential benefit in terms of expected APTT, at all levels of uncertainty,
saving approximately four minutes relative to the HOV case, compared to six minutes
saved by the FiPI tolls, a finding that was relatively stalaleross different levels of
uncertainty. Under deterministic demand,-pceduled FtM tolls are identical to the

ideal FUPI tolls, and as the uncertainhcreasesthey gradually transin to the level of
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performance of the fixed tol(®). The medium point where the pseheduled FtM

tolls are in the middle between the fixed toll and the ideaPFtblls, appear to be in this
case when the CV is around 408}).(This result suggests that with lower levels of
variability the performance of pigcheduled tolls may provide most of the potential
benefit of the HOT system, which helps quantify the additional value of vat@lbie
schemes relative to fixed toll$nterestingly, at very high levels of untanty, setting
tolls based on the mean demand alone-kfHunaylead to worse system performance

than using a fixed toll.

The GP travel time under all tolling schemes was almost indistinguishable, with a
maximum differencef 1.7 minutes.However, the HOT travel time is substantially
higher under FtM tolls compared with FLDM tolls, with a maximum difference 8t5
minutes. Additionally, both FM and FUDM tolls result in relatively unstable HOT
travel times, although they behave similarior the FUPI tolls the HOT lane travel
time is stable and minimized sik minutes, as would be expected. HOT travel time
under the FLDM tolls can be up teightminutes buis able to achieve a travel time of
six minutes at various points in tim&he HOT FUM toll are oftentwo to threaminutes
higher than under FDM tolls andincrease to 10.5 minutes at one poé)t (

Interestingly, the authors concluded that a fixed tolling system achieved approximately
two-thirds of the benefit of an ideal HOT lane system. The authors noted an important
limitation, namelythat only a simple facility with only a single downstream bottleneck,

deterministic demand, and a known VOT distribution which is perfectly reflected in the

demand. They noted that futuesearch should relax tadovementionedassumptions
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to generake the applicability of the model and to identify the relative significance of

these factors.

Toledoet al.developed a toll setting system that allows toll operators to define
any objective function they wish to optimize and accounts for the effect of both toll rate
and travel time information provided to the pul§lig. The optimizatia process shown
in Figure 5is run at the beginning of each control step (t) to determine the toll rate for
that step.A control step is defined as the time between each update of the toll rate
(typically, three to fiveminutes) 7). The system first uses availaktaffic
measurements and historical data to estimate the current travel times and densities of the
network and to predict the overall arriving demand of arriving vehicles in the next
intervals. Then, an initial value for the toll rate is used within a lane choice model to
predict the shares of drivers that choose thedalhd the free lanesThe estimated
network state and the predicted demands are used as initial boundary conditions for a
traffic flow model to predictlows, speeds and travel timg§. The authors use a cell
transmission traffic flow model which estimates the tile@endent traffic states within
the prediction horizon, and the effect on these states of past and future control actions and
demand input§7). The traffic flow model outputs of flow, speed, and travel times are
used not only to help calculate the objective fiom;tbut also to evaluate violations of
constraints set on the toll lane operations such as minimum speed, maximum flow or

travel time 7).

Traditional toll setting models are primarily focused on the attainment of travel
time savings and/or revenue generatiwhile often neglecting the psychological and

societal factors that influence travel behavior. Toll setting madelggle to provide
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accurate predictions of how drivers may respond to, teliggested route changes,

varying departure times. While there is an expectation that tolls would impact driver
behaviorsome drivers may adopt a toll avoidance mindset, even if there is a travel time
benefit. Some drivers may operate under habitual decision making where the same
decisions are made even if another option is available that reduces travel time. In some
casea, familiaritywith the route can impact decision making. Family incoage, of the

driver, and household size may impact usage of a managed lane, as lower incomes may
indicate lower usage of a tolled route. Reduced congestion, environmental impacts such
as reduced air pollution, may contribute to the decision to utilizéeal talute. Often,

A.M. trips are assumed to be discretionary consistirtgpofeto-work trips, however,

existing toll setting models do not account adequately for any increase-in non
discretionary trips (leisure, vacation, department stbag)may occuin the A.M. or

P.M. peak periods of travelToll settingmodelsmay need to integrate behavioral factors
and driver attitudes to better predict how driver behavior is impacted by the imposition of
a toll. There is a demonstrated needhe literaturdor new toll setting model&

incorporate behavioral factors in their formulation.

2.1.3 SeltLearningApproachi Adding Travel Time Reliability

Lou, Yin and Laval proposka selflearning approach to determine optimal
pricing strategies fanigh occupandyoll lane operation§8). The approach recursively
learnsmot ori stsé willingness waaapdaen spbcfiesmi ni ng
toll rates to maximize freeway throughput while ensuring a superior travel service to the
users of the toll lang8). In settingthe tolls, a multlane hybrid traffic flow model is

used to explicitly consider the impacts of the l@hanging behaviors be®®the entry
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points of the toll lanes on throughput and travel time. Theeathing approach

decomposes toll determination into two consecutive steps: first to use previous revealed

preference information to | earn metheri st so

optimal toll rate based on the detected approaching flow rates, the calibrated willingness

to pay and the estimated travel tim8g (A multi-lane hybrid traffic flow model

proposed by Laval and Daganassumedhat the lanehanging behaviors be®the

entry points to the HOT lane may create voids in traffic streams and reduce the

throughput of the lan@). | n L av al a n d -labeahgbadchnodel each tanelist |

modelledas a separate kinematic wave (KW) stream interrupted byclaareging

particles that completely block the traff@). A Logit model was used to reflect

mo t o rdecsionsodwhether to choose the HOT lane. Assuming homogeneous

motorists with the same willingness to pay, the relationship between the approaching

flow ratesand the rates on HOT and regular lanes is reflectedjirmtion(2) below:

A (t) = pr(t) 1

Uy (L)

14+ expl(on(cr(t) — cr(t)) + o2 f(t) +7)
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Li developed an ageibtased toll pricing strategy that used dynamic feedback
control and accounted for trip purpose, travel time reliability (TTR), and level of income
to maximize toll revenue while maintaining a minimum desired level of service on
managed lars(10). This study proposed an agdrdsed model to support dynamic
activity travel schedulingAgents can adapt their behaviors and make decisions in a
complex and dynamic environment by applying learning techniques and by accounting
for their previos experienceTheVISSIM® simulation network of a southbound
segment on-95 was selected to test the existing toll strategies in the mornifgepke
and peak hours from 5:00M. to 7:30A.M. (10). The authors used a logit model to
model tr av e deeisiohrmakingprocess.Thd pradadbility of choosing the

managed lanby driver i with trip purpose k at time interval t is shown beloyBn

Uplik.t
. e ml ! l

P(ik.t)= = ®

. U (i k1) Ugli ki) —AU{ik.1)
e +e " |+

Where

Um(i,k,t) = utility of choosingmanaged largefor driver i with trip purpose k at time
interval t.

Ug (i,k,t) = utility of choosing GP lanes for driver i with trip purpose k at time interval t.

eU(Il , k,t) = diff er en eanadeclarseandgeneralptirposei t vy
lanes
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The author notethat theVISSIM® simulation results show that, under high traffic

demand, a substantidifference in the probabilitpf choosing thenanaged largeis

noticed, with the highest probability for urgent tra{d). Urgent travel refers to nen
discretionary travel which occurs out of necessity, such as work commutes, or even trips
thatare characterized for emergency purposes, such as trips to a hospital for medical care.
Discretionary trips are natfrgent andnay be characterized as Rroritical trips such as

trips to vist a theme park, vacations, or other trips that areessential. The modified
strategy used a | ogit model wiihth®eeimareat e dr
levels, three trip purposes, different values of time, and values of travel time reliability.

An agentbasedeedback control mechanism was used to calculate the optimal toll rate

that would maximize revenue evahreeminuteswhile maintaining the speed on the

managed largeof higher than 45 mpl.Q). Ther study concluded that when bdtavel

ti me savings and travel time reliability a
simulation results show that drivers have a higher probability of choosimgathaged

lanes than in the case that considers only Travel time savings; these results imply that

travel time omanaged largeis more reliable than that generalpurpose lanesLi and

others soulgt to update the work of Cheng alsthak todevelop aragentbasedoricing

strategy that incorporates trip purpose, travel time reliability, and departure time with the
purpose of maximizing toll revenue and maintaining at ledStraphspeed in &even

mile segment of the-95 Expresd._ane(11). They applied a logit model to simulate
driversd route choice behavior based on th

travel time reliabity (11). Error! Reference source not found.below provides results f
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or choosing the managed lanes segregated by trip type, incorporating both travel time

reliability and travel time savings.

Prabability of Choosing Managed Lanes - . .
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Figure 4: Collective Route Decision by different driver trip purpose group(11)

The results showed that average speed om#reged lanes not sensitive to
variation in VOT estimates. The travel time savings averaged approxirtiatsdy
minutes with an average toll of approximately $3.00 frobb&.M. to 7:30A.M. (11).
The authors argue that examining trip purpose, travel time reliability, departure time
choice, level of income, and heterogeneity in Value of time and Value of reliability can

lead to a more effective tolling strate(ii).
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2.2 Summary of the Tolling Literature

The tolling literature identified different strategies which can inform the toll setting
process. Wangt al.developed a selidaptive tolling model, using a feedback algorithm
to optimize toll rates within ¥ISSIM® framework(3). Martin provided a critique of
Wanget al.notingthat under speed conditions in the HOT lane ranging from 45tonph
50 mph, the selddaptive algorithm fails to regulate the number of vehicles entering the
HOT lane(4). Gardneeet al.evaluated various pricing schemes under fixed and existing
tolling conditions, noting that fixed tolls are almost as effective as existind@alls
Toledo developed a cell transmission model which sought to optimize both toll rate and
travel time for ananaged lan€/), while Lou, Yin, and Laval used a sdéarning
approach to simultaneously optimizes ewillingness to pay and freeay throughput
within a hybrid traffic flow mode(8). Li used an agent based tolling strategy to account
for trip purpose, travel time reliability, and income level, incorporating a logit model to
model the traveler decision making procg3®). Their work was updated by Li and
Cheng, who also adopted their agent based model and incorporated trip purpose, travel
time reliability, and departure time into the tolling mo@el). There has been significant
work done in the development of tolling models witbst researchers using the logit
model to examine the probability of driversoosingthe managed laneption. There is
an emerging consensus that focusing only on travel time savings would not accurately
predict the effectiveness of HOT lane implementations. Travel time reliabiditel
purposetraffic demand, and the charged toll rate may also be indicators which impact

the effectiveness of HOT lane implementations.
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2.3 Overview of Routing Choice Models

Route Choice models are typically categorized into four tymesryroute logit
model, online route choice, decision route model, and a priori mdd®ls Pandey and
Boyles noteahat binary logit route choice models assume that travelers stay in the
managed lanffom entry until the end of thmanaged laneorridor(12). At each
GeneralPurpose Lanexit, travelers compare the instantaneous utility between two
paths, deciding to use tiheanaged laner thegeneralpurposdaneto travelto their
destination. The optimal routing choice model seeks to minimize the total expected cost
(impedance)assuming departure from the origin at a specific tim&o criteria are used
in optimal routing, namely travel time and toll, where the total cost is assumed to be a
linear combination of toll and travel tim&2). The problem is formulated as a Markov
decision process with a termination state. A termination state refers to the time at which
the vehicle has arrived at the trip destination. The objective of solving the Markov
decision process is to develop an optinsaiting policy thaiminimizestotal cost.
Decision route models consider eachnaged lanexit as adecision routéin which
travelersdecideat each decisiopoint, choosing the link along the path tinanimizes
travel cost 12). Priori models include the offline route policy model and the random
model. The offline route policy model assumes that a traveler chooses their route prior to
leaving their origin and does not change their path enroute, while the random model
refers to the sit@ation when the traveler does not utilize real time or historical information
to inform their travel decisionModeling route choice behavior helps to ascertain
t r a v anderstasdin@f route characteristics,toforeca t r avel er s6 behayv

heterogeneous trafficdemani.h e | ack of travelersdé knowl ec
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themanagedlane et wor k, t he unc eunderatandingyrouebout tr av
characteristics, and the paucity mef exact

significant challenggin developingffective route choice model

Many researchers seek to utilize shortest path modeling to predict route choice,
where drivers are assumed to take the lowest impedance path, which refers to the
combination of travel times, tolls, and other associated.costSSIM® simulations are
used to calculate the general cost of travel, assuming travel, travel distance, and cost
(tolls) influence route choice axpressedh Equation 7elow. The coefficients of the
variables are defined hysers to reflect their individual behavioFhe VISSIM® platform
allows specific weightings based upon vehicle type and driver groups candedied
with different route choice behavior (24). Travel distances are determined by the
geometry of links, while the financial costs of an edge are the sum of all links contained
in that edge. The individual cost of a link is found by multiplying the tragéhce on a
link by the cost of that link. Routes in VISSWre described as a sequence of edges
which describe a path into a network. In most cases, mor@ttearoute exists between
specific origins and destination, such thatVISSiMo d el s t he dri ver 6s d
concerning route selection. The general cost of a route is defined as the sum of the
general cost of all its edges (24). The authors utilize the VISt function to

model discrete choice behavior, as shown belo(¥)in
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p(R)) =

where Cj =generalcost of route j, Uj=1/Cj=utility of the route, and P(R)) is the
probability of route j to be chosen, and
sensitivity factor determines the distribution reacts to differences in the utilities. Low
sensitivityfactors minimize the impact of utility, while extremely high sensitivity factors
would force all drivers to use the best routée sensitivity factoimpacts howthe
distribution reacts to differences in the utilities. Low sensitivity factors minimize the
impact of utility, while extremely high sensitivity factors would force all drivers to use
the best route. The logit functions only consider the absoluteadiffe in utilities, such
that the difference between 10 to 15 minutes of travel time are viewed as having the same
impact as the difference between 105 and 110 minutes of travel24neT overcome
this discrepancy with the logit functions, Kirchofttiibution functions calculate the
probability that a specific route will be chosen as a function of the utility of the route and
the sensitivity of the model, so that a route for trip ranging from ten to fifteen minutes
would not have the same probabiliybeing choseras a trip that lasts between 1050

minutes.
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2.3.1 Comparisons of Route Choice ModeBresence of Real Time Information

Pandey and Boyles note that some travelers make the same lane choice decision
regardless of the toll and travel time information provided to them in real time, while
others were found to choose lanes inconsistent with their approximate value dfZime (
Their study evaluated the performance of route choice models on a stochastic time
varyingmanaged lanaetwork with multiple entrances and exitsformulated the
online routing problem as a Markov Decision Process and used a backward recursion
algorithm to determine the optimal routing polic double entrancesingle-exit
(DESE) network, the LBJHxpressetwork consisting of three entrances and two exits
(LBJ), and a network with 13 entrances and 14 exits (13En14Ex) were tested. The DESE
and 13En14Ex networks were constructed artificially, where the length of each entrance
and exit ramp is set as 0.15 KirP). The performance of other algorithms in the
literature was evaluated against the online algorithm for different assumptiorngeo
behavior Simulation results on three test networks showed that the Decision Route
model performs the best and generates an average percentage error aff@@3%
expected costFor the tests using the Offline model, the peak Value of online
information was found to be 38sondsand 85 econddor the LBJ and 13En14Ex
network, respectively, which shows that providing 4tgak information can reduce
travel ers6é expected costs by ®BEnThabogitunt whi
model showed an averag@% error in the expected cost under the assumption of rational
driver behavior; however, it obtained coksite the Online Shortest path model for certain
parameter values under assumptions of irrational driver behd?orT{he use of the

Decision Route model was recommended for route choice undgimmeahformation
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settings as it relies only on instantaneous costs, is easy to implement, and predicts close
to-optimal behavior.The Logit model was recommended for modeling irrational driver
behavior in this studyThe value ereferred to the idea that a rational traveler always
follows the optimal policy action recommended by the online shortest path model, where
e=1, while . refers to the increasing preference of usingtlaeaged laneThe

Online Shortest Path model was recommended by the authors if the aim was to
understand lane choice variations in a population after calibrating the valuesdfea

using field dataX2). The authors noted that these recommendations could be applied for
route choice models used feeveral applications, such iagproving revenue forecasts

for managed lanplanning, calibrating parameters of route choice based otimeabata

with heterogeneous drivers, equilibrium behavior analysis for travelarsaoaged lane

networks, and online route guidance using navigation applications.

2.3.2 Logit Modeli Adding Value of Time Distribution

Gardneret al.developedogit model to examine the choice processes of
individual drivers that may choose to pay a toll to ente@gh occupancy to{HOT)
facility (13). The authors compared all or notheggsignmenand an additive logit
modelto the proposed formulation based upon a Value of Time distribution. They note
that the all or nothing assignment model is insufficient since it assigns all vehicles to the
route with lower cost, implying no variation in VOT across vehicles. The basittvaddi
logit model suffers from some deficiencies in that it predicts that if botheheral
purposeandexpresdane operate under free flow conditions, driveteose taise both
lanes, essentially reflecting the concept that there is no variation in user pre{éBnce

They argue that the variations in lane choices are due to the distribution of VOT across
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the population where individual drivers have different values of time due to demographic
factors, trip purpose, and individual heterogengi}). Given these assumptions, they
believe that drivers choosing the HOT lane are exactly the proportion of drivers whose
individual value of time exceeds the ratio of (toll charged/travel time savings). The lane

choice model proposed is shown below in (b3quation(4):

i 1y o)

P (4)

e

Where c=toll charged/z O O AGRIDA O E(®)pEproportion of travelers
using the HOTA O A b O A & AR ACEOMITT | GBRE hlake,r  shape parameter
affecting the relative width of the VOT distributioithe results of the study show that
even if both thenanaged lanandgeneralpurposdanesare operating in free flow
conditions, 50% ofmotoriss still choose to pay a toll to use tinanaged lae
However, when the proportion of travelers using the HOT lasgpsesed as a VOT
distribution, the contour lines of the choice function form a fan of rays, which indicate
that the cost and time observations of a given facility operating at a constant toll and
given capacity ratio should correspond to the same proportite jmpulation(13).

The authors note some limitations to their study, namely that they use a simple facility
with only a single downstream bottleneck, deterministic demand, and perfect VOT

distribution.
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2.3.3 Conditional Logit Model Adding Unobserved Heterogeneity

Leeet al.developed a route choice model which accommodated the observed and
unobserved heterogeneity with the mixed logit framewi#R. Stated preference data
were assembled to model driversodé route cho
national road in South Kor€a4). The values of travel time and the values of travel time
reliability were estimated by evaluating trip purpose and the household income level.

The results showed that the random parameter logit model shows significant random
variations and differences in sensitivity to the lewketervice variables based on the

purpose of the trip and the household income leVik authors believe that ignoring
heterogeneitgan lead to a significant underestimation of the values of VOT and the

VOR. The VOT values from the heterogeneity model were found to be 1.00 to 1.56
times higher than that from the homogeneity model, and the VOR values are 1.05 to 1.63
times higher byrip purpose and income group4j. The limitationsof the study

included difficulty in estimating the actual VOR value because the VOR value in this
study is restrictive from the stated preference data in the binary route choice context.
They noted th@ossibility of evaluating the values of VOT and VOR by the revealed

preference data using GPS data.

2.3.4 Time Varying Models AddingTraffic Volumes and Toll Rates

Ma et al.developed a tim@arying parameter vector autoregressive model (TVP
VAR) to investigate whether there are time varying effbetweergeneral purposkane
volumes, HOT lane volume and existing toll rgtEs). This model is typically used to

investigate the time varying nature of the dynamic relationships between macroeconomic

40



variables. TVP-VAR model with drifting coefficients was used to model synchronous
relationship among the three variables (toll rate, traffic volumes on HOT lane and GP
lanes). The authors claim that the proposed FVRR candepict the bidirectional
relationship between any two variables, whereas traditional behavioral studies often fail
to understand those feedback mechanidty The authors note that the model is
particularly suited for this problem because the HOT lane volume, GP lane volume and
toll rate evolve over time, and any one of these variables is determined by its own lagged
values, as well as the past and present values of the remaining two variables. Using
empirical data from loop detectors and toll logs on Washington State Route 367, the
identified the existence oftmear yi ng ef fects between dri ver
and quantified the evolving interactions amongst HOT dengerkral purposdemand

and tolling via timevarying impulse responsét5). Specifically, for mornig period

traffic, the response of toll rates to the HOT lane demand were found to be positive
reaching their peak betweerAG. and 7A.M., and there is a strong lagged effect on

tolling from thefive-minuteahead HOT lane volum@&Z). For afternoon period traffic,

the HOT lane volume yields the highest positive influence on the toll. The toll rates were
most sensitive to the HOT lane demand occurring during the preiweusinuteperiod,

and the sensitivity level attenuates as they are lagged aparat€cnd GP lane

volumes do not have noticeable interactions with each other, but there was-eatiyiveg
relationship between GP lane volume and HOT lane volume. This relationship varied
across different geographic areas. It was found that an increased usage of GPdane lead
to an increased usage of HOT lar&milar patters were observed when modeling the

impact of toll to HOT lane demand%). They conclude that an increase in HOT lane
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demand results from a higher toll rafEhe authorspeculate thatepossible reason lies
in howthedriversview toll increases or decreasgbere drivers likelywiew the posted

toll rates as an indication of travel tirmavings andhus choose to use the HOT lane.

2.3.5 Multinomial Logit Modeld Adding Attitudinal Factors

Jinetali nvesti gated how behavioral attitude
utilizing the F95 managed langacilities through revealed and stated preference surveys
(16). They identified four latent attitudinal factors through factor analysis, namely,
willingness to pay, willingness to shift travel schedule, cost and time sensitivity, and
congestion tolerance as factors which may predict the utilityasfaged larsefor
drivers. Two multinomial logit models were developed using combined revealed
preferences and stated preference data with and without the attitudinal factors.
Multinomial logit models typically describe each choice alternative througifitg ut

function shown belovin equation(5) (16):

U= it BXo+ é .8+ U 5)

whereX represents the attributes of the alternatives or the individuals, and other
explanatory variables. d refers to the coe
estimated coefficient value implies relative importance of that attribute (Xi) in thelmod

U, the error component accounts for any me
unobserved individual preferences, andeotlnobserved characteristicBhe stated

preference study compared willingness to pay, willingness to shift travel schexhile, ¢

and time sensitivity, and congestion tolerance at different times of the day, namely using
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themanaged landuring peak periods, before peak periods, after peak periods, and with
an additional passeng€l§). The results of the study showed tha highwillingness to

pay and shift in travel behavior increased the propensity of usamaged largethe

most, whereas travelers with high sensitivity to saving money and time and high
tolerance of congestion were less likely to utilizeExpresd.ane duringpeakhours

(16). Drivers that were characterized as being younger than 34 years oldy lmendmes
greater than 150K per ye&@urPas$ users, and drivers who used thanaged lane
somewhat frequently had a greater willingness to useattaged laneThe factor

analysis revealethat willingnesgo pay, willingness to shift, utility sensitivity, and
congestion tolerance were significant factebéch indicated the likelihood of using the

managed lanas shown below iffable2 (16).

Table 2: Factor Loadings on Attitudinal Statements(16)

Factor Loadings on Attitudinal Statements.

Attitudinal attributes Factor 1 Factor 2 Factor 3 Factor 4
(Willingness to (Willingness to (Utility (Congestion
pay) shift) sensitivity) tolerance)

Q1. T would be willing to pay a toll if it guarantees a travel time for my trip that is reliable ~ 0.857 0.107 0.039 0.069

every day

Q2. T will use a toll route if the tolls are reasonable and I save time 0.821 0.091 0.150 —0.069

3.1 support using tolls to pay for highway improvements that reduce congestion 0.827 0.002 0.056 0.009

Q4. I can generally afford to pay tolls 0.699 0.026 0.079 0.065

Q5. T regularly change my driving schedule in order to avoid traffic congestion 0.045 0.875 0.081 0.052

Q6. I regularly change my route in order to avoid traffic congestion 0.058 0.863 0127 -0.046

Q7. 1t bothers me when traffic congestion adds more than a few minutes to my trips 0.199 0.187 0.583 -0.379

Q8. 1 always try to be on time 0.222 0.130 0.713 0.234

Q9. T always look for the best deals and try to save money whenever possible 0.151 0.023 0.751 0.032

Q10. Traffic congestion is just a way of life in South Florida and something you leam to  0.035 0.031 0.090 0.928

live with

Four user groups were defined in the study, namely Shift prone, toll prone, congestion
avoiders, and congestion adapters. Shift prone individualslegswilling to pay tolls
and would shift their departure time or driving route to save travel time. Toll prone

individuals were more likely to pay tolls for a desired level of service and tended not to
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shift their schedulesCongestion avoiders had a low tolerance for congestion and showed
both a high willingness to pay a toll and shift in response to congeg@pnl(astly, the
congestion adapters consisted of people who were least likely to pay a toll and were
unwilling to shift their scheduleslable3 below shows the results of the multinomial

logit model which incorporates attitudinal variabld@he results of the study indicated

that willingness to pay had the highest impact on the likelihood of usingahaged

lanefor both the revealed and stated preference studiesr research indicated that

drivers with high congestion tolerance were less likely to usmémaged larse

Individuals who valued saving both monéyne, and time reliabilityvere unlikely to use
themanaged laneDrivers aged younger than thiffgur years old were found to be

likely to utilize the managed lane for both revealed and stated preference studies.
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Table 3: Multinomial Estimation Results (16)

Multinomial logit (MNL) Model Estimation Results - With Attitudinal Variables.

Independent variables GP SP ML peak SP ML before peak SP ML aft peak SP ML additional passenger RP ML
Time 0.09854*+*

Reliability 0.44647+*

Cost —0.63261%**

ASC - —3.30%* —3.06%+* —3.79%#* —3.82%%% -1.04
Male - 0.16%*+ - - - -

Age (<34 years) - 0.73%+* 0.33%** 0.94%++ 0.53+%* (.53
Age (>55 years) - 0.16*** - - - -
Income (>150 K) - 0.66*** - 0.36%** 0.21%%* 0.85%%*
Income (<75K) - —0.36%%* - - 0.30%%* -
Employed - 0.39%+* - - - -
Sunpass User - 0.53%** 0.76*** - - 1.06**
Delay Experienced - - - —0.36%** - -
Mandatory Trip - 0.29%#* - - - 0.69%**
Low Freq. (<4/Month) - 0.33%+* 0.58%#* 0.43+++ 0.26%%*

Med Freq. (4-12/Month) - 0.33%** 1.06%** 0.55*** 0.20%* -
Weckday - 0.30%#* -0.28** 0.41%#+ 0.19%** 0.90%**
Urgent Trip - 0.25%#* 0.41%#* - 0.27+%* -

Short Trip (<20 miles) - 0.36%*+ - 0.26%% - -

Drive Alone - - - .75%** - -

Drive with Another - —0.20%%* - —0.86%** 1.68%%* -
Arrival Flexibility - - —0.35%* - -

Willingness to Pay - 2,02%+* 1.33%#% 1.74%%% 1.09%% 1.19%#*
Willingness to Shift - 0.10** 0.97%** 0.41%%* 0,375+ -
Utility Sensitivity - —0.50%** —0.67#+* - -0.21% -1.76***
Congestion Tolerance - —0.60%** —0.41%%* —0.36%** -0.21%#* —0.59%#*
Log Likelihood —14,408.20901

R2 0.44

% ¥+ represents significance level at 1%, 5%, 10%, respectively; RP/SP scale parameter was insignificant

The study concluded that shift prone travelers and congestion adapters were most
likely to use thegeneralpurposdanes while toll prone and congestion avoiders showed
higher usage of themanaged lan€l6). The authors suggest the need to more
innovatively price thenanaged lant attract more customemarguingthat the value of
reliability may even have a greater impt@nthe value of time, thus indicating a need

to ensure greater reliability in the operation oftenaged lane

2.3.6 Unexpected Traveler Responsesdding Risk Aversion

Burris andBrady investigatetiow individual drivers make the decision to use the
Katy Freeway and North TarraBkpresd.anes, noting the counterintuitive result that

travel time savings and toll rate had little effect on their choice to usedhaged lane
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(17). Thelz2-mile Katy Freewaymanaged laneonnects the city of Katy to Houston,

while thel3-mile North TarrantExpresd.anes (NTE) directs traffic around Fort Worth
Texas, serving as primary route to the Dallas Fort Worth International Airport. On the
Katy Freewaymanaged larg drivers must use transponders, but for the NiBlBaged

lanes drivers have the option of using tin@naged lareewithout a transponder, but they
would be required to pay a 50% higher talhe authors note that the conventional
approach of using Value of time (VOT) to approximate driver willingness taspay
insufficient since drivers tend to oestimate their travel time savings by a factothoée

and estimates ofOT vary widely in stated preference and revealed preference studies
(17). They argue that both stated preference and revealed preference studies examine

driver choices as discrete choices divorce

Their research indicated thtie mostrequent travelers on the Katy Freeway
made over 30 trips per month during theeemonthstudy period. Approximately 56%
of those frequent travelers did not Uks at all, 43% used both MLs and GPLs,
whereadess tharone percentised the MLs exclusivelyThe assumption can be clearly
made that 43% of this group clearly consider MLs, but this group represents only 4.4% of
the total number of transponders observed on the freelvayNlost travelers used the
Katy Freeway one to three times per month (infrequent users) and only 7% of those
travelers used both sets of lanes duringhinee month period.For all Katy Freeway
travelers, only 12% wergelected foboth lane types at least ond&’), At NTE there
were relatively more drivers choosing tin@anaged lanacross all frequencgroups;
however, a sizable number did not use the MLs at all during the study period. The data

showed that 48% of all travelers and 33% of the most frequent travelers at NTE
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exclusively used the GPLLY). While the results are counterintuitive, the authors
hypothesize that drivers may not wantexideto use thenanaged larg as they are risk
averse and do not want to make a bad decision. The second hypothesis posited by the
authors is that infrequent users of thanaged lanmay be unsure about the best time to

use the facilityto receive substantial benefit for paying a toll. The authors considered the
possibility that some drivers may not want to add any cognitive workload during the

driving proces¢17). Conversely, the authors speculate that most frequent users may

have a better concept when their benefits are greatest. The study found that 9% of drivers
used themanaged lanerhen there were negative travel time savings, so neither travel

time savings nor the toll charged may have impacted dieeisionmakingprocess 17).

2.3.7 Mixed Logit Model§ Adding Heterogeneity between Drivers

Small, Winston and Yan developed a mixed logit modebtobinerevealed and
stated preference data to examine commuter route choices, namely, whether to pay for
congestion freexpresdane trave(18). They analyzed the route behavior of drivers
along atenrmile portion of SR 9Imanaged lanéwo expresdanes in each direction) in
Orange County, California duringt@n-monthperiod from 1999 to 200@.8). Drivers
who wished to use the system were requiresktaipa financial account and use a
transpamder to access theanaged laneThe results of their study showed that
commuters are deterred from uso@neral purposknesby longer travel times and
reduced travel time reliability. Observed heterogeneity was captured through the
interactions between cost and income and between travel time and d{&¢&nce
Motorists with higher incomes were found to be least responsive to changes in the toll.

Women, middle aged motorists, and smaller households were more likely to use the toll
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road. Based on revealed preference data, the authors estingateediarvalue of time

as $21.46/hr and a median value of reliability as $19.56/H@&ur The data revealed a
median travel time savings in tb&presdane averages approximately 3.3 minutes during
the 5A.M. - 9 A.M. peak period, with unreliability of thgeneral purposknes

averaging 1.6 minutes, implying that reliability may account for approximatekhine

of the attraction to thexpresdanes with average commuters paying $Xdt8he travel

time savings and $0.52 for the improved reliabilitg)( The authors concluded that

travel time and its predictability are highly valued by motorists and there is significant
heterogeneity in those valueghe authorsoteda limitation of their study, namely that
demand elasticity for the toll road varies by time of day. The authors note that if the toll
operator sets toll rates high when elasticity is small and unobservable factors are
correlated with both the level antasticity of denand, then the toll price could be

overestimated or underestimatd®).

Devarasetty and Burris conducted a survey of 869 respondents to investigate
whether travelers would pay to use the Katy Freemvagaged largein Houston, Texas
(19). Two stated preference surveys were conducted, one in 2008 prior to the opening of
themanaged large and another in 2010 after the opening of the Katy Freevaamaged
lanes. The authors indicated thabstof the 869 responseamefrom travelers who
completed the initial survey in 2008, as these responses were redirected fronfhpails
The authors chose a mixed logit modeéxamineheterogeneity between individual
users of thenanaged laneas travelers did not need tollie one another in any way
except for their use of thmanaged laneThe purpose of their study wasexamine

observed and unobserved heterogeneity between travelers. Mixed logit models were

48



developed for all 869 survey respondgif®). Travel time, travel time reliability
variables, and alternate specific coefficients were assumed to be random parameters. The

results of the mixed logit model areostm inTable4. The results indicatethat in the

predicted interest from the 2008 survey, 7
Maybed response when asked about their int
travel time variability, andatd)impactedthever 6s

willingness to pay a toll.

Table 4: Mixed Logit Model for 869 Survey Respondents Who likely Also
Participated in 2008 Survey(19)

-2577.79

-1736.38
0.32

After implementation of thenanaged lane&6.3% of those individuals used the
managed langl9). Travel time, travel time reliability, hourly wage rate, and alternative
specific coefficients were included in the model. The study calculated the willingness to

pay for travel time savings by dividing the average toll paid byasisemd travel time
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savings that individual users reported in their survBye authors speculat¢éhat

travelers in thenanaged lanare also incorporating travel time reliability into their

decision to use thmanaged laneThe reported value of travel time savings from the

2010 survey was $13 per hour, while the mean reported value estimated from the mixed
logit model was $2819). The authors notithat the difference in these estimates may

be based on three factors, namely that travelers may be willing to pay motiecthao;
travelers think that they are saving more time, or travelers are willing to pay for the added

reliability of managed larse

Users actually paid an average of $51/hr of travel time saved to usatiaged
lang while their willingness to pay for travel time savings were estimated to be
approximately $61/hrl@). The authors argdehat this result indicates that improved
reliability of travel should be incorporated into Benefit/Cost Analyses used in traffic and

revenue studies.

2.3.8 Impact of Informatiori Behavioral Impactof Known Travel Times

Toledo andSharif developead mixed effects regression model to predict expected
travel times as a function of the toll rate and traveler information provided to the driver
(20). The authors then developed a lane choice model to predict whether drivers would
use the toll lane once those travel times are kn@®h A stated preference survey was
developed o0 col |l ect data on drivers6 |l ane choic
Participants were provided with two choices, namely, to choose a toll lane or parallel
lanes with guaranteed travel time of 12 minutes in the tolled lane2f@kdometer

section R0). Prior to the drivedecidingto use ananaged landoll rate information, and
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in some cases, traffic conditions on the free lanes are provided to the driver on a
changeable message sign.all cases, the toll lanes were assumed to have an expected
travel time of 12 minutes for20-kilometertrip with drivers paying approximately $7.90
US dollars for the entire trip. For alternative a, information is provided about the toll
rate, but no additional daisprovided about travel times of the free lan2@).(

Alternative b provides some descriptive information about the free ladiesiing
congested conditionsAlternative ¢ gives a precise estimate of the travel time in free
lanes as 40 minutes, which indicate28aminutetravel time savings, and alternative d
provides a range of travel times from&0 minutes, indicating travel time savings which
range from 188 minutes20). All 460 study participants were told to expect a travel
time of 12 minutes in the tolled lan20). The authors found that the impact of negative
information which indicated congested or standstillditons in the free lanes strongly
affected travel time expectations in the tolled lane, where drivers estimated that their trip
in the tolled lane could take betwetem totwenty-four minutes. The results of their
mixed effects travel time adek areshown below ifTable5. Their study indicated that
the toll rate was the primary indicator of travel time savings in the absence of specific
information about the traffic conditions in the free lanes. The toll rate, toll rate with no
traffic information, and qualitative informan about congested or standstill trafitere
variables thahad a significant effect on travel time expectations. Drivers were
particularly interested in having qualitative information about congested and standstill
traffic and the toll rateluring A high-incomelevel even withouknowingqualitative
information about standstill or congested traffiasfound to be a significant predictor of

managed lane travelOn average, wheinformation on traffic conditions was provided,
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an increase of 11 NIS ($2.89 US Dollars) in the toll rate added one minute to the travel
time estinates anadne minute was added to their travel time expectation for every 2.1

NIS ($0.55 US Dollar) increase in toR@. The authors developed a mixed logit

systematic utility model to estimate the predicted choice probabilities using simulation
which utilized a maximum likelihood method with 4000 Halton dra®@}.( The authors
assumed that the toll rate and cost coefficients follow a bivariate lognomstrabution

as the coefficients of travel time and toll rates tend to be negative concurring with work
donebyPrato@®. The authors note that driversodé exp
increase substantially with the toll ratéghey argue that existing toll rates are set to keep
the toll lanes flowing, regardless of traffic conditions on the free lane, implying that
drivers6é travel time saving expiecorted@anhd ons b
that their sensitivity to increases in tiodl tate would be reduced by theliefthat a

higher toll implies larger travel time savin@0). They note that without the presence of

real time traveler information, drivers may use the toll road more than they should,

leading to inefficient lane choices. The authors idext# reliance on stated preference

data, which may not replicate actual traffic conditions or toll rates in real fiimey

identified a lack ofjenerakability due to selselected sample that may not fully

represent the popation (20). Other constraints incledhe lack of real time traveler
information for both the free lanes and the tolled lanes and a dependence on travel times
posted on changeable message signs, which are not updated in real time. Some possible
remedies to these limitations would be to candustudy in which all respondents had

access to real time travel time information and toll rate information in a revealed

preference studip analyz speed, flow, and travel time data from actual behavior as
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opposed to a web based simulation that places significant constraints, such as an
expectation of significant travel time savings when using the tolled lanes for each studied
alternative 20). Burris and Ashraf examined traveler behavior both before and after a
toll rate increased along the Katy Freeway in Hou§2@) Transponder dataasused

to collect information abouheflow of vehicles thragh the systemThe authors

examined the behavior of drivers over different time horizons, namely 15, 30, 90, and
150 days after the toll increase to evaluate their travel beh@3pr Since the toll did

not change on weekends, drivers who utilized the toll road on weekends represented a
control group. The treatment group consisted of weekday travelers prior to the toll
increase and after (the toll increases on September 7, 2B1&(erestingly, they found

that both the number ahanaged lantips andmanaged laneevenue increased after the
increase in toll rates as opposed to the working assumption that higher toll rates would
reduce demand for theanaged lane overalError! Reference source not found.b

elow shows the lane choice behavior for travelers after the increase in the toll rate. For
all time periods except the Q@ay period after the toll increase, there was an increase in
the number ofmanaged lantrips 22). However, one result noted a large departure of
frequent users of thmanaged larse(10 or more trips per month) after the toll increase,
but the authors cannot conclusively attribute this result to an increase in the tollirate.
authors postulate that these results may reflect sakitsoas the school year began

around the same time as the toll increase. They noted the possibility of the Veblen effect,
where drivers may assume that a higher toll price equates to a higher quality trip, which

concurs with the work of Toledo and SH&#0).
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Table 5: Estimation Results for the Travel Time Expectations Mode(22)

Estimation resuls for the Travel time expectations model,

Fixed effects Estimate Std error pvalue
Intercept 1405 16 0001
Qualitative information - flowing 0N 136 065
Qualitative information - congested 986 167 <001
Qualitative information - standstil UN 188 001
Toll rate 0,086 003 0001
Toll rate x no information 039 003 <00
High income x no information 579 251 002
Travel often on Highway 1 219 ] 009
Random effects Estimate Random parameters correlation matrix

Standard deviation - Intercept 13 I

Standard deviation - qualitative congested 888 -020 I

Standard deviation - qualitative standstil 15,5 04 091 I
Standard deviation - toll rate 025 028 -017 003 I
Number of observations » 879

Number of respondents = 176

Log ikelhoad 20392

The primay limitation of the study cited by the authors is a greater need to focus on a

disaggregate analysis of travel behavior of drivers choosing to use the toll lane.

2.4 Routing Behavior Technical Summary

A plethora of driver choice models were presented in the literature. Pandey and
Boyles developed an online route choice model for a managed lane network with multiple
exits and entrances (12). They assumed that travelers would get real time information
about time varying tolls and travel times just prior to arrival at each decision point as shown
on variable message signs, where travelers would then make a routing decision that
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minimize their travel cost. The online route choice model was formulated as a Markov
Decision process and solved backwards using a recursion algorithm. They compared the

online route model to the routing models showiable6 shown below (12):

Table 6: Taxonomy of Route Choice Model$12)

Information used by the route choice model

Route choice model Historical information from past experience Real-time (online) information on YMSs

OsP Probability distribution of travel time and toll for Travel time and toll information on the downstream
each link arcsata given node

Logit None Travel time and toll information along two routes

from the current node to the destination (one
using the ML and other using the GPL)

Decision route None Travel time and toll information along each path in
the decision route set
Offline Probability distribution of travel time and toll for None
each link
Random None None

Note: OSP = online shortest path; VMS = variable message signs; GPL = general purpose lane; ML = managed lane.

The authors found that the decision route model predicts route choice as it relies
on instantaneous costs and predicts close to optimal behavior. They indicated that their
model should be extended to handle queue accumulation at diteoges and noted
that advanced learning reinforcement algorithms should be used to learn the route choice
probability decisions in real time conditiofi). Li developed an agent based tolling
model which accounted for trip purpose, travel time reliability, and leviacome to
impact toll revenue (10). They used a VISSIsimulation to calculate travel time
reliability used in the route choice process. They concluded that under high traffic
demand, drivers with highest trip purpose were most likely to choose the managed lane
and that including both travel time savings #&@del time reliability into their model
yielded a higher probability that drivers would use the managed lane (10). They argue
that drivers incorporate not only travel time savings and trip puiptséheir decision to
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choose a managed lane but also travel time reliability (10). Gardner et al. developed logit
model to examine the choice processes of individual drivers that may choose to pay a toll
to enter a high occupancy toll (HOT) facility (13). The authors comgakred nothing
assignment and an additive logit model with the proposed formulation based upon a
Value of Time distribution. They argued that the primaagiation in lane choice

preferences was due to the distribution of VOT across the populatiordgfecent

drivers have different values of time due to demographic factors, trip purposes, and
individual heterogeneity. Their results showed that under a fixed toll of $7.50, drivers
saved 21.6 minutes, while under a full utilization toll (which seeksawimize HOT

lane capacity) in which a $6.00 toll was charged, the resulting travel time savings were
approximately 17 minutgd.3). The authors concluded that lane choice models should

i ncorporate the wvariat i dMaetd developed atimer avel er
varying parameter vector autoregressive model (WWAR) to investigate whether there

are time varying effestoetweergeneral purpose lan®lume, HOT lane volume and

existing toll ratg(15). They found that an increased usage of GP lane led to an increased
usage of HOT lane and an increase in HOT lane demand resulted from higher toll rates
(15). The authors speculat¢hat drivers mayssumae higher toll to indicate increased

travel time savings. Jiet al.investigated the utility of themanaged lantor drivers

through the developed multinomial logit models used stated preference and revealed
preference data. The authors focused on examining whether attitudinal factors such as
willingnessto pay, willingness to shift schedule, cost and time sensitivity, and congestion
tolerance impacted the decision to choosemaaged laneThe results of their study

indicated that high willingness to pay and shift increased the probability of choosing a

56



managed lanewvhile high congestion tolerance and high sensitivity to cost and time

indicated a reduced probability of choosing th@naged lane (16)Toledo and Sharif

developed a mixed logit model to predice use of a tolled lan€0). They assumed that

the travel time and cost coefficients follow a bivariate lognormal distribution as found in

Prato (2) . The results of their study indicat e
rates may be impacted by thiew that a higher toll implies a larg&avel time saving.

They noted that drivers tended to choosenla@aged lanmore in the absence of

traveler information. Their study suggests that VOT calculated based on observed travel

ti mes would be | ower compared those cal cul
expectations, overesti mat iinnhg abdende of¢ravaled s en s
information(21). Burris and Brady examined data from the Katy Freeway and found

that drivers were not making routing choices based on the telbrdaravel time savings

(17). They formulated a few hypotheses to consider, namely, that some drivers may not

want to make a bad decision to use the HOT lanes, frequent users may not understand

how to maximize their travel time savings for the toll paid, and that drivers may&elect

mix of lane choices that do not correspond to toll rates or travel time s&vifjgdVork

from Deverasetty and Burrid9) and Small and Winstori8) note the importance of

incorporating travel time reliability as a comgort of any routing choice model,

agreeing that this factor contributes to the decision to chowssaged laneLin et al.

developed a cognitive route choice model within a VISS#vd Visual Basic platform

which described the decisignaking process of drivers during travel (24). A stated
preference survey for driversd route choic

provided with travel information from a changeable message The authors used
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VISSIM® simulation to calculate the general cost of travel, assuming the travel time,
travel distance, and cost (tolls) influence route choice. The results of the study showed
that incorporating the behavior cognition model leads to lower travel costs, hothever,
study cannot be replicated to different city road networks, as signal networks were not

included within the model optimization (24).

Substantial work has been done to examine how the route choices of drivers may
be affected by factors such as existing toll rates, travel time savings, trip purpose, travel
time reliability, user heterogeneity, and attitudinal factors. Most of the obsassumes
that decisions to usemaanaged laneccur at the entrance to the tolled facility. There is
little work considering how routing choices may be impacted for the entirety of a trip,
from trip origin to trip destinationThis dissertation addresssome gaps in the literature
by proposing a novel approach to examine w
origin to trip destination arimpacted byeduced access general purpose larexits

after the implementation of the NorthsteCorridor managed lan

2.5 Tolling and Routing Model Behavioral Limitations

Existing blling and routing modelstruggle to adequatexpresshe qualitative
aspects oflriver behavior. While the literature indicates that people value their time and
tend to spend money to save time, the decisiaking process of choosing to use a
managed | ane is more complicated than assu
indicatetheir perceived or actual willingness to choose a tolled route. While the self
adaptive tolling algorithm utilized feedback control theory to estimate the toll rate

charged as a function of the flow ratio entering the managed lane, there was the concern
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of how to best validate the value of time given the large number of weaving movements.
Toll setting algorithms examined the variability in travel demand, and established various
toll setting methods, but found that fixed tolls mayjust as reliable as those that are
dynamically responsive to demant@ihe use oh simple facility with only a single

bottleneck downstream and a known VOT distribution was not found to be an adequate
measure of human behavior. The detfrning models introduced travel timadiability

as a prominent factor using revealed preference information (mining loop detector data)
to estimate the optimal toll rate based on approaching flow rates, while the multi lane
hybrid model sought to model lane changing behaviors as separteakin waves with

an assumption that motorist have the same willingness to pay to use a managed lane. The
agentbased model described in the literature used dynamic feedback control, and
accounted for trip purpose, travel time reliability, and variousrme levels with the goal

of maximizing revenue within a VISSI#modeling environment. The results indicated

t hat when travel time savings and travel

utility function, there was a higher probability of choosing the managed lane route.

Routing choice models showed that some drivers made the same lane choice
decisions even when toll and travel time information indicated another travel route would
have a lower totatavelcost. A Markov decision process was used to develop an
optimal routingpolicy; however, the results showed a fifty percent error in the expected
cost under the assumption of rational driver behavior. Value of time distributions were
used to compare all or nothing assignment and an additive logit model with the
drawback®f implying no variation in VOT across vehicles or in user preferences. The

conditional logit model proposed added the variable of unobserved heterogeneity with the
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purpose of estimating the value of travel time and travel time reliability using household
income levels but found that finding an adequate estimate of travel time reliability was
not possible given the reliance on stated preference data. Time varyiets meed

drifting coefficients to model the evolving relationship between toll rate and traffic
volumes on the general purpose and tolled routes using loop detector and toll data from
SR 167. The research results showed an increase in demand for thearanaginder

higher toll rates. While deemed a somewhat counterintuitive results, tlaepeliseption

that higher toll rates indicate increased time savings in the managed lane because the
generalpurposdanes must be experiencing terrible congestion. The multinomial logit
models discussed in the literature added attitudinal factors of willingness to pay,
willingness to shift schedule, cost and time sensitivity, and congestion tolerance as
factorswhics houl d af fect dr i v eedlase. Rdsuwis shosvedt o u't i |
that shift prone and congestion avoiders were not likely to use the managed lane while
toll prone drivers and congestion avoiders used the managed lane more frequently.
However, the lack of estimating real values for travel tiatialility was suggested as a
limitation of the study. Research examining transponder data along the Katy Freeway
found that travel time savings and changes in toll rates had practically no effect on usage
of the managed lane. There is disagreenmethie literature abouwhetherusing VOT to
estimated r i wvélingdess to pay isvalid techniquesince drivers tend to overestimate
their actual travel time savings by a factor of three, particularly in stated preference
studies. Results showed that some drivers chose the managed lane even when travel time
savings were negative with some speculatiat risk aversion and a desire to minimize

additional cognitive workloadhay impact thelecisionmakingprocess Mixed logit
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models combining stated and revealed preference data were used to examine routing
behavior along the SR 91 Managed Lane. Heterogeneity between users (women, middle
aged motorists, and small households) was captured. Results showed that motorists with
higher incomes (males and females) were most likely to use the managed lane, and
women showed greater willingness to do so. While heterogeneity was considered, a
limitation of the work was a mechanism to estimate the toll rate as demand elasticity for
the mamged lane changes throughout the day. Additional work using mixed models
examined the Katy Freeway Managed Lane in Houston. Texas, using stated preference
surveys to measure observed and unobserved heterogeneity using travel time, travel time
reliability, and wage rate. Results showed a ten dollar per hour gap betdeenav e r 6 s
willingness to pay ($61/hr) and actual toll rate payments ($51/hr), indicating that travel
time reliability should be incorporated into the decision process for using a managed la
Mixed effects models were also used to predict expected travel time as a function of the
toll rate and traveler information provided to the driver, so the key variable presented is
known travel times. It was found that travel time expectations iredeaih toll rates

where the perception that higher tolls reflect higher travel time savings. The presence of

traffic information had minimal impact on driver behavior.

In short, the various tolling and routing models presented in the literature are
challenged to adequately address why drivers make decisions that seem irrational, such as
using a managed lane when there are negative travel time savings. Several researche
have posited the idea that drivers perceive greater travel time savings when toll rates
increase as opposed to the possibility that toll rate increases may seek to inhibit greater

diversion into a managed lane to preserve its level of service. Reaed athted
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preference studies have shown disparities when individuals state a toll that they are
willing to pay but choose to pay a toll fifty percent or lower when their actual behavior is
revealed. A linear relationship between value of time and wage rate hasskeéemithin

much of the literature but does not explain the choices of drivers. Individual drivers have
their own perceptions and feelings about their choices. Some may choose to repeatedly
make the same choices despite expected travel time savingeamaged lane, while

others may value the travel time savings and travel time reliability that is expected after
the deployment of a managed lane. Gender, race, income levels, the presence of real time
information, convenience, and the level of risk aigrsnay impact the decisiemaking
process. The proposed work seeks to reveal the route choices of drivers within a
simulation environment using VISSMMnodeling after the implementation of the

Northwest Corridor managed lane network under various taligognes. The goal of

this work is to provide some understanding about how heterogeneous toll rates and
different entry and exit access points to and from the managed lane impact route choice,

and therefore, driver behavior.

2.6 Summary of Findings

The research revealedazk of generalizability, where the samples may not adequately
reflect the population. Most of the studies suffer from a lack of real time traveler
information about the traffic conditions and toll rate increasfschmay induce

travelers to divert into a managed lane when the intent is to discourage use of a managed
lane as it becomes more congestBdactically, large studies involving thousands of

drivers would cost millions of dollars to design and implement, even if rod&ogions

were decided within a simulated environmehhe authorautilized various mathematical
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models andncorporated different variables to predict the behavior of drivers after the
implementation of a managed. lane. However, it has been challenging to understand the
actual routing decisionsf drivers under heterogeneous tolling reginasssome literature
infers that drivers will not change their routing behavior even as tolls increase, while
other studies assert either significant or marginal imyéhbtchanges to toll ratesThe

stated impacts may be a function of #ssumed values of tiressumed within the

various studiesThere were several factorgentified in the literature used to set tolls and
predict routing decisions. The first three sections (21113) list variables added with

the purpose of toll estimation while following sections (223.3.9) reflect variables

added to predict routingecisions.The factors are presented below, not the generic

section titles.

9 Section 2.1.1: Toll estimation through feedback control

1 Section 2.1.2: Travel Demand Variability

1 Section 2.1.3: Travel Time Reliability (Self Learning Approach)

1 Section 2.3.1Real time information

1 Section 2.2: Value of Time Distribution

1 Section 2.38: Unobserveddeterogeneity(Trip purpose and income)
1 Section 2.3k Toll rates and traffic volumes

1 Section 2.3%: Attitudinal Factors

1 Section 2.3: Risk Aversion

1 Section 2.3: Heterogeneity between Drivers

M Section 2.8: Known Travel Times
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Toll estimation through feedback control represents an attempt to estimate a toll rate as a
function of diversion rates, value of time, and the percent diversion into a managed lane
However, aveakness in this approach is when speeds are high in the managed lane, the
algorithm continues to add traffic to the managed lane at flow ratios above 100%. Travel
demand variabilityvas not found to significantly impact behavior as there was only
minimal change when using a fixed toll versus one that accountedrfability in travel
demand. Travel time reliability was found to be a significant predictor for choosing the
managed lane when accounting for income, trip purpose, value of time, and travel time.
As expected, the researchers showed that travel timabitigy on a managed lane was
significant when coupled with travel time savings opposed to examining travel time
savings in isolationIn the presence of real time information about tolls and travel times,
many drivers still made lane choices incstent withminimizing their travel cost This

result may be due to an assumption of rational driver behavior, which may not be a
realistic assumption when drivers make decisions that do not minimize their travel cost.
Some researchers examined the choice to use the managed lane based upon a VOT
distribution believing that logit models would always assign vehicles to the route with the
lowest cost. However, their research showed that 50% of drivers always chosethe toll
route under free flow conditionmdicating that under stochastic conditions, this strategy
would not maximize throughput in the managed lane. Trip pugodéncomdevel

were used to estimate travel time and travel time relialddity tolled and untolled

roadway in South KoreaTlhe researchers indicated that actual values of time and values
of reliability were difficult to obtain given the reliance on stated preference Aata.

growing research area examines the time varying effects between GP and managed lane
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volumes, and existing toll rates. The research founddhattes were most sensitive to
managed lane demand from the previous-fiveute period, indicating a lagged effect.
Additionally, the increase in managed lane demand resulted from a higher toll rate.
Attitudinal factors were examined, namely willingness to pay, willingness to shift
schedule, cost and time sensitivity, and congestion tolerance to assess how behavioral
attitudes may impact the choice to use a managed lane. The results afithsehstwed

those drivers with a high willingness to pay avitlingnessto shift scheduling used the
managed lanes the most, while those with {agst sensitivity and high tolerance for
congestion were less likely to do simdividual drivers may make decisions based upon
their habits, experiences, and willingness to take risks as opposed to responding to
changes in toll rates or travel time savings. There is an emerging consensus that
estimates of value of time are suspgiwen the perception of manyiders that they save
significantly more travel time than they do. As found previously, research has shown that
motorists with higher incomes were found to be least responsive to changes to toll rates,
however, women, middle aged motorists and smallesdtmids were found more likely

to usea managed laneHeterogeneity was captured through differences in travel cost,
income, travel time, and distance. Expected travel times and toll rates were provided to
drivers prior to their trip to measure their usa tolled lane. The study found that the

toll rate was the primary indicator impacting the choice of drivers to utilize a managed

| ane, indicating that driversé expectation

when toll rates increase.

Theexisting literaturedoes not presemtfull picture about whether drivers make

decisions out of a desire to choose a route even if it adds travel cost, ornitheibald
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bestatically portrayed as a function of VOT for some level of travel time savifiggs.
researchieveals a neetb integrate behavioral factors into the development of tolling
functionsto identifythe factors that impact the decisioraking process Chapte3
integrate the findings from the literature, culminating witre development ofISSIM®
microsimulationmodek which predict the routing choices of users afteritictisionof
new dedicated access points to and from the newly deployed, Northwest Corridor
managed laneHeterogenous toll rates per mile will be applied to assess changes in

routing behavior of drivers both during and after the A.M. rush hour periods.
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CHAPTER 3. SIMULATION AND ROUTE CHOICE

Traffic simulation is a tool that can be used to replicate real world conditions.
Several traffic simulation software programs have been used to simulate HOT lane
operations. AIMSUN simulation software produces dynamic forecasts of traffic
conditions usig equilibrium assignment techniques and is commonly used in the
development of feasibility studi¢®2). PARAMICS® utilizes abuilt-in route choice
model to simulate driverds | albasedaomosti c e
benefit analysisA3). DynaMIT® is a real time traffic microsimulation software that
contains models of travelemand, travel behavior, and network supply. Network state
information is taken from DynaMfTand provided as an input into MITSIML&bwhich
is used to model and evaluate the impact of alternative traffic management system
designs at an operational level, aiding in the development of system designs.
TransModele? can simulate pricing schemes that vary toll rates based on vehicle
occupancy, prevailing traffic deand, and time of day2@). It also includes some
embedded model s that evalwuate drivers®éo

decision making.VISSIM® simulation contains several HOT lane modeling tools.

VISSIM® allows for the definition of static routes where the user can define the level of

traffic demand entering threanagedane during specific time intervals where users can
specify their own tolling and lane choice mod&83)( As shown n Chapter 2there ara
plethora of tolling and routing models anewvariables that are introduced to predict

route choice.
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Section 3.1 ands subsectiomprovide some literature abotlie VISSIM®
parameters related to impedance and route cldiggh impact human behavioGection
3.2 provides a brief synopsis tife VISSIM® literature Section 33 examineiow
VISSIM® integratessome otthe variablesdentifiedin the simulation modeling approach
and briefly discusses the research plan, which will be further detailed in Chapter 4
Section 34 briefly summarizes the chapter, reminding the readethkagimulated path
resultsfor route choice do not actually represtrgdecisions of drivers, but seek to

minimize impedance.

3.1 Impact of Information i Behavior Cognition Simulation and Route Choice

Lin et al.developed a cognitive route choice model withMI&SIM® and Visual
Basic platform which described thecisionmakingprocess of drivers during trav@4).
A stated preference survey for driversod ro
drivers were provided with travel informatifiom a changeable message sidmom the
survey data, the authors developed a logistic regression model to estimate route tendency.
Lin et al.posited that the drivers route choice behavior cognition procesmised of
several stages namely perception, retrieval, executiorreasdning24). The
perception stage refers to driverods self a
temporary attributes such as destination, task urgency, and physiological status, and the
surrounding environment, which includes variables such as weatheraahdomditions
(24). In the retrieval stage, a route choice is chosen, while in the execution stage the
driver senses the variation within the temporary attributes and surrounding environment
and repeats the retrieval procetsastly, the reasoning stage would occur if an

unexpected evemiccurredsuch as being alerted of major accident on a changeable
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message sign, causing the driver to reevaluaterthaie choiceZ4). After travel

occurred travel time information is stored and an evaluation of whether a better route
could have been chosen is evaluatéte results of the study showed that incorporating
the behavior cognition model led to lower travel costs, however, the study cannot be
replicated to different city road networks, especially those which include signal networks
as part of the optimizationThe limitations noted by the authors indexhthat signal

optimization for large networks would present a significant challenge.

3.1.1 VISSIM Parameters Related to Impedance and Route Choice

VISSIM® chooses routethiatminimizeimpedance, that is, the total cost of travel
along a specific patfor a particular trip Impedancés modelledthrough a combination
of behavioal, routing,simulation and networkparameters Specific details about these
parameters are discussed in Chapter 6, but some brief descriptions are provided below:
Severaldriver behavioal parameteraddress how vehicles respond in the presence of

other vehicles.

9 Car Following Setting$é Involves use of Wiedemann parameters &P for
traffic flow throughout the network, headway times between vehicles, standstill
distance from fixed objects, and the acceleration and deceleration of vehicles.
The diffusion time, which is the maximum amount of time a vehicle can wait
behind a signal before making a lane change impacts the capacity of the roadway

network.
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1 Lane Changing ParametérSettings for lane changing distances between the
leading and following vehicles are criticalhe cooperative lane changing
settings arespeciallymportantin areas where a new merging behavior has been
created, anthe safety reduction factor, which reflects the safety distance of a
following vehicle after a lane change has occurfBlde aggressiveness of lane
changing impacts impedance, where aggressive lane changes can improve
capacity, while extremely conservative lanergyiag yield queue build up

through more than one cycle length at a signalized intersection.

1 Speed distributions Speeds along interstate and arterial roatessetvithin
VISSIM®. Lower speeds would have an impact on impedance directly by

increasing travel time

There are also routing parameters which are used to define impedaaffe volumes

are placed within severtyo five-minutematrices, where the generalized cost function
within VISSIM® seeks to minimize total costs (impedance) through a weighting of travel
time, distance, and other penalties such asaslimentioned previouslyThe tolls

charged per mile ($0, $.20. $.50, and $1.00awdelledwithin individual managed lane
links within VISSIM®. Some simulation and calibration parameters that have an impact

on impedance are listed below:

1 Simulation Resolution: This parameter represents the number of time steps per
simulation second and impacts how vehicles interact with one another. Values
between five and ten are normally suitable for large simulations, however values

between ten to tway may be suitable for smaller simulations and lead to
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smoother movementhowever, for larger simulations, too many time steps per
simulation second may cause the simulation to crash.

1 Random seed: For dynamic assignment, the random seed should be set to zero for
convergences. However, to ensure the assignment of the same vehicle numbers
throughout different runghe model should be run with the same random seed.

1 Dynamic Assignment increment: For dynamic assignment, it is advisable to scale
total volumes to 20% or less so that VISSIb&n learn the characteristics of the
model. If the volume is scaled at 20% increments, five runs would be appropriate
for each of the ten total model runs. Lower scaling (say 10%, 10 model runs)
would leadtobetted | ear ni ngé of t he tingauf fi c char a
pertubations in theaffic butwould be prohibitive from a time management
standpoint.

1 Deceleration and acceleration: The rate at which vehicles accelerate along arterial
routes as opposed to interstate routes are modelled differently given the variations
in speeds The prevalence of reduced speed areas around signalized intersections
and the stop and go nature of traffic do impact how quickly vehicles can

accelerate or decelerate on arterial routes.

Lastly, there are some network geometry and infrastructure parametetisaby

impactimpedance are shown below:

1 Lane configuration: The number of lanes along arterial routes and interstate

routes differ significantly, impacting travel times. The presence of merging
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and diverging onto the managed lane influences traffic flow. Merging points
to the managed lane entry locations introduce different weaving patterns.

1 Signalized intersectiorisThe presence of closely spaced signalized
intersectionsvith reduced speed areas impact traffic speeds. Since VISSIM
does not dynamically update signal cycle lengths during a simulation run, it is
expected that some impedance is added in certain, highly congested areas as
vehicles wait to be processed through the intersections. Signalized
intersections are not designiedgive priority to managed lane traffic.

1 Link length The respective curvature and the link lengths along the managed
lane, interstate, and arterial routes may slow traffic if link lengths are small,
particularly in the case of arterial routes. Interstate and managed link lengths
are generally longer thahose for closely spaced arterials.

1 Weaving sectionsSome impact to impedance is expected if vehicles must
increase their weaving distance across several lanes of traffic to access

managed lane entry points

This work involves a high density of signalizetersectionsgelays associated with

waiting time at intersectioralsoimpact the total travel cost per rowe vehicles exit the
managed laneThere is a plethora of parameters that impact impedance, however, within
VISSIM®, the largest impacts involve the driver behavioral parameters, particularly
headway, safety reduction factor, and time of diffusibilgh levels of congestion,

waiting time at signalized intersections, impact travel speeds whiclracdydcorrelated

to travel time. Travel impedance increases with congestion, which directly affects

waiting time and travel speed, impacting route choideese parameters are discussed in
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greaterdetail in Chapter 6Ultimately, demand patterns change during the day where
higher demand increases congestion along managed lane, arterial, or irfeertitade.
Since most routes chosen by VISSIM® include a combination of these facilities for at
least a portion of each trip, the corresponding impacts on speed, and ultimately,

impedance, isnalysedvithin this work.

3.1.2 Calibrationi VISSIM Simulation

The purpose ofalibration is to find @&et of model parameters which provide a
reasonable desctipn of human behavior within @SSIM® simulation environment.
Lownes and Machemehl conducted a sensitivity analy3i#3$IM® simulation capacity
output for the US 75 Interchange and the George Bush Turnpike just north of Dallas
Texas(25). They examined teNISSIM® behavioral parameters, namely GCC9 to
examine the impacts on roadway capacity. The authors found that stopped condition
distance (CCO) significantly reduces capacity at highealbut as CCO is reduced, the
headway time (CC1) becomes more dominant in lowering capacity as it increases. They
note that as the distance increment beyond the safety distance that a driver allows
increases (CC2 and CC3), the capacity drops significartticating drivers are less
aggressive and maintain a larger following distgi289. As the entering and following
thresholds (CC4 and CC5) are reduced, drivers became more sensitive to the preceding
vehicle and followed it morelosely,which leadto an increase in roadway capacity
(25). They found that the speed dependency on oscillation (CC6) and Oscillation
Acceleration (CC7) had minimal effects on capacity as those variables were a function of
following distance. At low levels, stopped condition acceleration (CC8) greatly reduces

capacity as the time needed to accelerate graetitgases, while acceleration at 50 mph
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(CC9) had negligible impact on capadib). Parket al.investigated crash potential
through a multi agent driving simulator approach, results of which were used to modify
behavioral parameters withinVdSSIM® microsimulation to model low and high levels

of aggressive driving in their stud26). The following table, taken from their study
provides a comparison of normal and aggressive driving parameters. As noted, the look
ahead distance and the safety reidmcfactor provided imTable Swere takerfrom
Habtemichael and de Picado Sar(@8), indicating asignificant impact on safety with an
increase of 877% in simulated vehicle conflicts afigeato seven percemtecrease in

travel time(27). The authors also indicated that high values of the negative and positive
following thresholds (CC4 and CC5) make simulated vehicles excessively aggressive,
while low values of these parameters make vehicles more defehswer values

indicate tight coupling of vehicles and lower rates of acceleration and deceleration, while
higher values indicate the converseéheTauthors examined lane changing parameters and
found that low valuesf thesafety reduction factor (0.1), increased the number of vehicle
conflicts by 680%, but at higher levels (.60 and .80), lead to a reduction in vehicle
conflicts of 33% and 55%, respectivéB7). Low values of the safety distance reduction
factor (.10.30)were found to leatb more aggressive driving and increases in roadway
capacity as the original safety distance needed to make a lane change is reduced by a
factor of (Xsafety eduction factor). In addition, the actual rates of deceleration and
acceleration were found to impact the lane changing position since vehicles attempt to
make lane changes at the last moment near off ramps, causing excessive delays and

bunching of vehicles (27)Table9 showsa comparison of driving parameters, showing
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the longitudinal, lateral, and acceleration parameters within VIS$dknormal and

aggressive driving.

Table 7: Comparison of Driving Parameters(27)

VISSIM parameter Normal driving Aggressive driving
Longitudinal CC1 [s] 0.9 0.52
cc3 —8.00 —4.00
CC7 [m(s?] 0.25 1.12
Desired speed distribution [km/h] 74-105 75-140
Lateral Look ahead distance [m] 250 150
Min. headway [m] 0.5 0.25
Safety distance reduction factor 0.6 0.8
Minimum time gap [s] 3.0 1.7
Minimum headway [m] 5.0 25
Acceleration Desired acceleration [m/s?] 0-3.5 02-5
Desired deceleration [m/s”] —3.0to -25 ~10to O

" Adopt parameters presented by Habtemichael et al. (2014).

The authors found that the minimum headway (CC1) for aggressive driving and
normal driving should be 0.52 and 0.90, respecti(2R). This result concurs with the
findings of Lownes and Macemeld5). Habtemichael and Picado Santos performed a
sensitivity analysis on a total of 21 behavioral parameters Wwitt88IM®, investigating
changes in the number of simulated vehicle conflictstaeidimpacts on travel time to
evaluate impacts upon saféB7). Their research identified C&1C5 as having the
greatesimpact on car followindpehavior where thdane changing position, maximum
deceleration, and the safety reduction factor had the most influential impact upon the lane
changing model. Interestingly, they found that a headway time (CC1) of 0.5 seconds
having a Li, Seth, and Cummings investigated lsanulated AV fleets with various
levels of aggressive driving behavior could impact traffic efficiency and safety on a small
highway section in Durham, North Caroli(28). They evaluated five vehicleadels,

ranking them from low to high levels of aggressiveness.
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Tables 8, 9 and 10 depimthiclefollowing parameters, lane change parameters,
and a ranking of aggressiveness levels used in the. §thdyauthors evaluated levels of
aggressiveness based upon standstill distance, largest acceleration, headway times, safety
reduction factor, car following distance, and standstill acceleraftoenmost aggressive
model contained the shortest standstill distance, largest acceleration, and shortest
headway time while the least aggressive model is characterized by ths tage
following distance and lowest accelerati@8). Their study found that the lowest
aggressively ranked model took a long time to pass through the network and had a
significant number of vehicle conflicts, concurring with the work of Habtemichael and
Picado Santos. The study concluded with the coiotethat aggressive AVs with nearly
flawless conditions yielded only minimal improvements in traffic performance when

compared to human driven vehicl@8).

Table 8: Vehicle Following Parameters(28)

Human- Fehr & CoEXist CoEXist CoEXist
Farameter driven  Peers normal  cautious all
knowing
CC0 — Standstill distance (ft) 4.92 4.10 4.92 4.92 3.28
CC1 — Headway time (seconds) 0.9 0.25 0.9 1.5 0.6
CC_Q - C‘ar_—tollawmg distance/following 13.12 9.84 0 0 0
variance (ft)
CC3 — Threshold for entering following (s) | -8 -12 -8 -10 -0
CC4 — Negative following threshold (ft/s) -0.35 -0.35 -0.33 -0.33 -0.33
CC5 — Positive following threshold (ft/s) 0.35 0.35 0.33 0.33 0.33
CC6 — Speed dependency of oscillation
(1/(ft's)) 11.44 ] 0 ] 0
CC7 — Oscillation during acceleration (ft/s*) | (.82 (.82 0.33 0.33 0.33
CCB — Standstill acceleration (ft/s*) 11.48 11.48 11.48 9.84 13.12
CC9 — Acceleration at 50 miles/hour (ft/s”) 4.92 4.92 4.92 394 6.56
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Table 9: Lane Changing Parameterg28)

Human-  Fehr & CoEXist CoEXist CoEXist

Parameter driven Peers normal cautious  all-knowing
. Free Free Slow lane | Slow lane = Slow lane

General behavior ) )

selection selection rule rule rule
Minimum headway (s) 0.5 0.37 0.5 0.5 0.5
Safety distance reduction factor 0.6 0.45 0.60 1 0.75
Maximum deceleration for

-3 - 23 2
cooperative braking (ft/s?) - 4 . 4.3 5
Cooperative lane change off on on off on

Table 10: Vehicle Model Aggressive Level Ranking High to Low (28)

Aggressiverank 1 2 3 4 5
Vehicle model CaEant_ Fehr & Peers I[gman— CoEXist CDE.XISI
all-knowing driven normal cautious

Michalakaet al.developed three sets of modeling components to simulate high
occupancy toll operations using enhanced CORulation for the-95 Express
Lanes(23). The first modeling component consists of different pricing strategies,
namely, responsive, closed loopntrotbasedoricing, and time of day pricing schemes.
Responsive pricing seeks to manage traffic demand in a HOT lane by adjusting the toll in
response to increases or decreases in the lane d@®ityClosed loop pricing adjusts
the toll based othe toll during the current time interval, current traffic density, and the
required density. The toll for the next time interval is compared with the minimum and
maximum toll thresholds defined by the governing agency. Time of day pricing follows
a praletermined toll schedule and is not based on real time traffic condi#®nsThese
pricing strategies were implemented in CORS8Wth the flexibility to be customized.
Lane choice behavior wasodelledwith the presence of tolls under the assumptiar

motoristschoose tgaya toll if the benefit they receive from travel time savings are
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greater than the toll they were charged (23). To address the variation in Value of Time

(VOT), the authorsnodelledup to five different VOTs for each toll paying vehicle

Another component of the study involved an evaluation of how the use of zone
based, origirspecific,0-d based, odistancebasedstructures would work in a multi
segment HOT lane facility (23)The authors stressed that comparing the toll structures
would not provide an adequate assessment of which toll structure worked the best, as the
toll rates were not optimized against each structure aneplitable butould differ

based on the type and design of HOT facil&$).

3.2 Summary of the VISSIM Literature

The VISSIMP literature analyzed the behavior cognition process, ten behavioral
parameters, and driver level of aggressiveness based on a plethora of safetylfarctors.
et al.posited that the drivers route choice behavior cognition process is comprised of
several stages namely perception, retrieval, executiorreasdning (24).The
perception stage refers to driverods self a
temporary attributes such as destination, task urgency, and physiological sigtine a
surrounding environmeri24). A route choice is chosen the retrieval stagevhile in
the execution stage the driver senses the variation within the temporary attributes and
surrounding environmentThe reasoning stage would occur if an unexpected event
happeneduch as being alerted of major accident. The results of the study showed that
incorporating the behavior cognition model led to lower travel costs, however, the study
cannot be replicated to different city road networks, especially thiosf includedense

signal networks Lownes and Machemehl conducted a sensitivity anagysminingten
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VISSIM® behavioral parameters, namely GCQ9 to examine the impacts on roadway
capacity. Tlkyfound that stopped condition distance (CCO0) significantly reduces
capacity at high values, but as CCO is reduced, the headway time (CC1) becomes more
dominant in lowering capacity as it increases. They note that as the distance increment
beyond the safgtdistance that a driver allows increases (CC2 and CC3), the capacity
drops significantly indicating drivers are less aggressive and maintain a larger following
distancg25). As the entering and following thresholds (CC4 and CC5) are reduced,
drivers beame more sensitive to the preceding vehicle and followed it chosely

leading to an increase in roadway capa(2). They found that the speed dependency

on oscillation (CC6) and Oscillation Acceleration (CC7) had minimal effects on capacity
as those variables were a function of following distance. At low levels, stopped condition
acceleration (CC8) greatly reducesacity as the time needed to accelerate greatly
increases, while acceleration at 50 mph (CC9) had negligible impact on c4pagity

Li, Seth, and Cummingsvaluated levels of aggressiveness based upon standstill
distance, largest acceleration, headway times, safety reduction factor, car following
distance, and standstill acceleratibhe most aggressive model contained the shortest
standstill distance, largest acceleration, and shortest headway time while the least
aggressive model is characterized by the largest car following distance and lowest
acceleratior{28). Their study found that the lowest aggressively ranked model took a
long time to pass through the network and had a significant number of vehicle conflicts
While Michalaka et al did not utilize VISSI®or simulating pricing for HOT lane
operations, their researcbnsists of different pricing strategies, namely, responsive,

closed loop contrebased pricing, and time of day pricing schenaeslyzing five VOTs
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for each paying vehicleThey foundthat comparing the toll structures would not provide
an adequate assessment of which toll structure worked the best, as the toll rates were not
optimized against each structure and not replicable but could differ based on the type and

design of HOT faciliy (.23).

The research provided some limitations to consider, namely, that large networks
with high densities of signalized intersections should be appropriatatglledif an
attempt is made to examine the impact of a new managed lane network in the Atlanta
area. Disentangling how to optimize tolling operations was challenging given the unique
design of toll structures, so a strategy of embedding the costs of théhail tive
managed links under various toll penalties was considered to reveal the toll which
minimized impedance. Lastly, incorporating the behavioral factors from the research
which impacted impedance provike frameworkfor examining if those results would be
replicated in this work. The literature has set the stage for the research plan, which will

be briefly discussed in Section 3.3

3.3 Research PlanOverview

This section provides a brief synopsis of the resealenito provide the reader
with an understanding of the research directwith brief discussioron the model runs
performed Detailed explanations of thesearchmethodology VISSIM® modeling and
detailed specifics of the model ruaie foundn subsequent chaptef®o estimate
whether the implementation of the Northwest Corridor Managed Lane impacted routing
behavior, the vehicle travel times in both fite- and posimanagedane VISSIM

simulaton modelsverecompared after the enactment of toll penalties of $0, $.20, $.50,
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and $1.00 per mile along the managed lane links. Eight post managed lane model runs
were performed (one for each express toll penalty), four for each of the two specified
time periodsTwo pre managed lane model runs were performed to establish the base
case scenario prior to the implementation of the managed lane. Tioeighatsfrom
VISSIM® includethe time of entry and exit from each origin and destination zone, speeds
(mph) calculated at one second levels of granularity, and the time at whiclinkashd
traversed throughout the route for vehicles that utilized the managed lane. The actual
route chosen byISSIM® minimizesimpedance (total travel costs), which reflects the
total costs associated with travel distance, travel time, and financial ddstse are
situations where routes are chosenb$SIM® that have higher travel times than other
routes, but whose travel distance and tylkdd alower total cost indicating the impact

of travel demand over timand variability in travel speed4\ list of the model runs
performed for both the pre and post conditions (with and without manageddatuls

charged per miles provided below

1 Model Run RE 1: No managed lane case from 5 A:81A.M.

1 Model Run RRE 2: No managed lane case from 8 A:NI1 A.M

1 Model RunPOST1: $0 toll for using the managed lane from 5 A3/A.M.

1 Model RunPOST 2: $0 toll for using the managed lane from 8 AM. A.M.

1 Model RunPOST 3: $0.20 toll for using the managed lane from 5 AGVA.M.
1 Model RunPOST 4: $0.20 toll for using the managed lane from 8 AINI.A.M.
1 Model RunPOST 5: $0.50 toll for using the managed lane from 5 AGVA.M.
1 Model RunPOST6: $0.50 toll for using the managed lane from 8 AIMI.A.M.
1 Model RunPOST7: $1.00 toll for using the managed lane from 5 AGVA.M.
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1 Model RunPOSTS: $1.00toll for using the managed lane from 8 A-M A.M.
The following data was collected from VISS™br each of the model runs:
1 Simulation Second The number of seconds in the simulation run starting at 0
seconds to the end of the simulation run e.g (three hour86Q.8econds)
1 Numberi The assigned vehicle number remains the same across eaaiheue
the random seed value remains the sataso isspecified as the random seed

incremental value.

f Lane/Link/Numbeii The corresponding link number in VISStlong with the
lane where the vehicle is located at any point in time during the simulation run.

1 Start Time (time of day) The time of day each vehicle enters the model.
1 Speed (mphj The speeds of vehicles as they cross each link in the model.
1 Origin Zonei The zone at which the vehicle enters the modsart time is
known. Origin and destinations zones are quantified within parking lots at each

origin and destination point within the model.

i Destination Zoné& The zone at which the vehicle exits the mddekit time is
known.

1 Time in network (sec) The amount of time each vehicle stays in the model.

1 Distance Traveled (ft) Distance traveled by each vehicle in the model.

These data outputs were utilized to calculate the associated travel time savings between
the PRE and POST models under each tolling regime. The speeds and distance traveled
along arterials, interstate, and managed tameponents of each chosen route were
calculatedo assess where travel time savings were gained or lost along themdete
heterogeneous tolling regime$he detailed results for each modedprovided in

ChapterB.

82



There are some limitations inherent within VISSIModel that should be
considered in future research. By developing such a large network with over one
hundred fifty intersections (some of which are closely spaced), it may be advisable to
develop a way foWISSIM® or anothemicrosimulationmodel to iteratively change the
cycle lengths at intersections during the simulation run to be better responsive to
fluctuations in travel demandAnother related research considerai®addressing
waiting time at intersections, as it is impossible to achieve network optimization at
signalized intersections without being able to optimize cycle lengths. Future research
may also considagreateranalysis of human behavior, particularly by seeking to develop
different weighting factors within the genecalst functiorfor tolled andnon-tolled
casesuse of various safefactors to assess lane following and lane changing, and
iterating time of diffusion values to model queueing and congestion. Lastly, this research
identified some changes in merging behaviors, as vehicles needed to merge towards
managed lane entrancestthare located on theft-handside of the interstate as
opposedtobeingebocat ed with gener al purpose | ane
behavior may need to eodelledseparately witla different set of braking and lane

following models within VISSIM.

The car following models within VISSIfwere notinitially designed to address
odd merging behaviors along an interstate route, which could potentially cause
congestion and overestimate actual delay. While there is some expectation that different
merging behaviors would cause some queuing at managed lanea@ntsygdeeper
analysis into expected queued delay at managed lane entry points may find that the

benefits of the managed lameuld begreatetthan we expectWhile signage about the
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managed lane entry pointslocated at least orthird of a mile in advance of entry,

drivers tend to ignore signage and want to merge just a few hundred feet from the entry
point. Additionally, vehicles that have the greatest merging distance may not actually
notice or be familiawith signage associated with entry into the managed lane since
managed lane entry points are nod@oated with general purpose lane exis

expected Thereis a plethora of different research studies timtld be pursued;

however, the purpose of this section was to highlight a few areas of significant interest.

3.4 Summary

This chapter provided discussionsiinulationliterature with particular emphasis
on the impact of information and the specific VISSIparameters that impact
impedance, that is, thetal travel costs per routexpressed as a function of travel time,
travel distance, and heterogeneous tol$SSIM® selects the route that minimizes
impedance after comparing all paths from specific origins and destinatlanset al.
posited that the drivers route choice behavior cognition process is comprised of several
stages namely perception, retrieval, execution,raagoningThe resultgrom this study
showed that incorporating the behavior cognition model led to lower travel costs,
however, the model is not applicable to large netwaikis significant densities of signal

networks.

There are behavioral, routing, calibration, and simulation parameters identified
within VISSIM® which impact impedanceSettings for car following, lane changing,
simulation resolution, scaling of traffic volumes, acceleration and deceleration functions,

lane configurations, link and weaving lengths, presence of significant number of
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signalized intersections, and calibration factors (€CID) impact impedance. The

research has found that all these factors directly impact the level of congestion, speed,
and consequently, travel time along selected roufes. headway spacing between

vehicles (CC1), the presence of signalized intersections, car following, and lane changing
factors were found to have the most significant impacts on impeda@heeresearch plan
overview in Section 3.3 discussed the setup ofwlepre andeightpost moel runs,and

the data extracted from VISSf\Vinamely simulation second, vehicle number, lane and

link number, start time, origin zone, destination zone, time in network, and distance
traveled throughout the network. These data components are used to calculate the speeds
and travel timealong interstate, managed lane, and arterial sections of the chosen route
under different tolling regimes. The pre and post model run travel times for chosen
routes are compared tocastainwhether the implementation dfé managed lane yielded
positive or negative travel time savings. Finally, some limitations inherent within
VISSIM® were identified, namely the presenceogér one hundred fifty intersections

(some of which are closely spaced) makes optimization challenging, so a mechanism for
VISSIM® or anothemicrosimulationmodel should seek to iteratively change the cycle
lengths at intersections during the simulationtabetter respond to heterogeneous

travel demand. The waiting time at intersections impatés travel timesince signal

cycle lengths cannot be optimizedchangedluring a simulation run. Future research

may seek to develop different weighting factors within the general cost function for tolled
and nontolled cases, use of various safety factors to assess lane following and lane
changing, and iterating time of difion values to model queueing and congestion.

Lastly, this research identified some obas in merging behaviors, as vehicles needed to
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merge towards managed lane entrances that were located on-trentéfide of the
interstate as opposed to beinglcw c at ed wi th gener al pur pose
merging behavior may need to Im@delledseparately with a different set of braking and

lane following models within VISSIfL While signage about the managed lane entry

pointsis located at least orthird of a mile in advance of entry, drivers tend to ignore

signage and want to merge just a few hundred feet from the entry point. dndergt

behavioral changes in real time remains a significant challenge in simulation research
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CHAPTER 4. RESEARCH METHODOLOG Y

4.1 Statement of the Problem

Most microscopic traffic models focus primarign route change behavior at
localized intersections and other high traffic areas near the entrance to a tolled facility.
Analysis tends to involva singular focus otravel time savings accrueinga
managed lanthat liesparallel togeneral purposkne(GPL) exitsunder some assigned
implied value of time.However, there is a paucity of knadgeexaminingchanges to
route choicevhen newdedicated entry and access poens deployedo and from the
Express Lanen the opposite side generalpurposdane exits The problem addressed
in this dissertation is whetharodelledroute choicdrom trip origin to trip destination
significantly changeafter the implementation of the Northwest Corridmnaged lane
during theA.M. peakhourperiodsafter the deployment of dedicated access points to and
from the Express Lane amhen there is restricted access togkaeral purposkne
exitsonce a decision has been made to utilize the Express akey feature of the
Northwest Corridomanaged lanes the presence of dedicatadcess points to and from
the Express Lanalongl-75, wheregeneral purposkaneexitslocated alond-75 cannot
be accessellom themanaged lanence a choice has been made to utilize the Express
Lane As a result, users of teanaged lanmay accrue additional or reduced travel
time to their destinatioduring the AM. peak hoursf the managed lanentries and exits
take them farther away or closer to thaiigin or destinatiorthan if they hadised
general purposkneexits Since themanaged landedicated access poirgse notco-

locatedwith general purposineexits, an examination of travel time savings alone on
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themanaged laneould not provide a useful prediction concerningte choice The
proximity of t he whanageddanegndgeneralgurposdameengyi n t o t
andexit pointsmay impact thie choiceto use thenanaged laneln addition,motorist

taking longer trips on themanaged lanmay prioritizetravel time savings anekpected

travel time reliabilitygiven increased uncertainty attributed to longer triysle

motorist traveling only short distancesay focus on location and convenience of the

managed lan#& making their decisionThe pricing ofmanaged lanacilities when

general purposandmanaged lanexits and entries areot collocatedwith one another

provides a significant challender practitionergo adequately price theanaged lane

since it is difficult to ascertain whetherotoriststruye x per i ence any o6guar
time savings as they travel from trip origin to trip destinatrihe totality of their trip

Travel time savingsannot be quantified easilgr the totality of the trip given the travel

times along arterial routes prior to enterorgfter exiting thananaged lanare

unknown.

To examinewhetherthe simulation predicts a chang® route choicgvarious toll
rates per mil@aresimulatedat a link level(toll per mile)along theExpress LaneBy
analyzing thenodelledroute choicdor 150,000 vehicleander differentolling regimes
across a wide distribution df3,924 origin-destinatiortrip pairs and 118 unigue zones
for everyfive-minuteperiod within asix-houranalysis periodrom 5 A.M. to11A.M.
Within VISSIM®, three percent vehicles utilized thenaged landuring the time
periods of analysis.VISSIM® sets the routing choice at the hatjing of each tripvith
the expectation that the choice to utilthe managed lane based upominimizing

travel costsThe VISSIM® model autputcanbe used to inform the development of lane
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choice models, as they currently do not account for situations where acgessral
purposdaneexitsis restricted from thenanaged lanbut focus primarily on situations
where themanaged largeare implemented as parallel facilities te #xisting roadway

network withaccess tgeneral purposkneexits.

4.2 Research Hypothesis

The purpose of this work is tlevelop a sensitivity analysis on toll ratdgrged per
mile, primarily during theA.M. peakhourperiodswithin a simulation whiclevaluates
the potentialimpact ofreduced access onodelledroute choicdrom trip origin to trip
destination after the implemttion of the Northwest Corridonanaged laneThe toll
rates chargedlong the Nathwest Corridormanaged lanare currently notlynamically
resmnsive toreaktime changes iraveldemand butitilize agenerakzedstatic tolling

schedule.The following questionarediscussed in greater detail within the dissertation:

1. Does restricté accesso general purposkneexits which impose location and
travel timedifferencessignificantlyimpact drivingmodelledroute choicdrom 5
AM.-11A.M.?

2. How canVISSIM® data output be used to inform the development of lane choice
models when access general purposkanesis restricted ér users of the
managed lari&

The research statement and research hypotbesise summarized by the following:
Research Statementinduced changes imodelledroute choiceattributed to the
presence of the Northwest Corridmanaged langduring theA.M. peak hours can be

measured byanducting a sensitivity analysis on toll ratesr milewithin a traffic

simulation which evalates the impacts olew dedicated access and exit pototand
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from the managed lane when compared to the previous case before the implementation of
the managed lane

Research HypothesisThere are nbsignificantlyinduced changes imodelledroute
choiceattributed tothe new dedicated access and exit points to and from the managed

laneduring theA.M. peak hours.

This hypothesiss tested through the developmentadensitivity analysien toll
rateswithin aVISSIM® traffic simulation whichpredictsthe modelledroute choicef
traffic after the implementation of the Northwest Corrid@naged laneVehicle
modelledroute choicevasevaluated based uptime resultof the vehicle record data,
which contains speed, travel time, and¢bstpenaty (tolls per mile)implementedhlong
managed lanknks. VISSIM® selects routebasedupon which routing alternativeould
minimizethe objective function, nametgtal travel cost.By examinng the potential
differences ilmmodelledroute choicaunder differentolling regimes the writer seeks to
investigate the impacts of the Northwest Corridotaial travel timefrom trip origin to
trip destinatiorto evaluatgotential induced changesnmodelledroute choice The
hypothesis cabe shown to be valid if th@mulations capturenly minimaldifferences
in modelledroute choiceafter the implementation of the Northwest Corridmnaged
lane If there are substantial changesnodelledroute choiceafter the implementation
of themanaged landahat would indicate aeed to conduct high resolution
microsimulations to capture these changes which are not as evigemiwacroscopic

tolling and forecasting models are used

The following toll rates per mile ($&,20,$.50, and $1.00replaced ormanaged

lanelinks within VISSIM® to estimate animpact onmodelledroute choicenamely, the

90



willingness to pay or not pay a toll for some travel time ben&fiidel runsare

performed for each toll rate scenario and the resutaalelledroute choicgatternsare
examined to see if the presence ofrtienaged lanenduces changesd modelledroute
choice If the travel costincreasesignificantly without a corresponding change in travel
time, one expects that there ikaer probability thathe simulatiorpredicts that the
driverwill utilize themanaged lantor a portion of their travelSome drivers who live
near thegeneralpurposdaneentry and exit points may be more likely to usegbreral
purposdaneg while others who live nearer to theanaged lanexit and entry points may
have a higher probability of choosing timanaged laneTheremay ke a subset of
driverswho choose at times to uséter themanaged laner thegeneralpurposdanes

for part d their trip that are not advantaged by the location of eithemtdngaged laner
generalpurposdaneentry and exit pointsThese drivers may use theanaged lantor
taking longer trips, believing that they may experience greater travel time reliability for
theirhometo-work trip. Drivers are expectdd utilize the travel option that minimizes
their travel costvith respect to theiassumd value of time For this work, route choices
aremodelledwithin a simulated environment, so the results do not represent actual driver

decisionsbut those chosen by the simulation that minimize total travel cost

4.3 Design Objectives

First Objective: Investigate the utility of previous knowledge into the development
of this methodology
A comprehensive literature review of existing route choice models was performed
to ascertain their applicability tine developmetrof models which simulatsodelled
route choice Most of theexistingliterature examines route choice and willingness to pay
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a toll for managed lareewhich are deployed as parallel facilities. There is a paatit
research which examines potential changes to the attenal time after exiting a
managed lanerhich restricts access general purposkneexitsfor motorists once they

have entered the Express Lane.

Second Objective: Create a methodology to perform a sensitivity analysis tolling
within a simulation which measures thempact of the Northwest Corridor on
modelledroute choice

The primary purpose of this study is defined in this objechamely, the
developmenbf a sensitivity analysishich examines howeduced access tgeneral
purposdaneexits may impactoute choiceafter the implementation of the Northwest
Corridormanaged lanander various tolling regimesRoutes are generated by the
dynamic assignment modulgthin VISSIM® which assignsa cost to every route
available to each OrigiDestination pair.The simulation chooses the route wtitie
minimumoveralltravelcost which is a function of travel time, travel distance, and

financial costs (including tolls).

Third Objective: Demonstrate the application of the methodology througha case
study.

This objective implements the developed methodology and tests the repeatability of
the methodology.The first portion of the methodology considers how to analyze the
effectiveness amanaged lansystemgiventhe prevailingaccess restrictiorts general

purposdaneexits Representativeasesareexplainedn detail and include the route
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progressions of vehicledong their trip, witHfocus on trips that utilized theanaged

lanefor a portion of their trip.In addition,VISSIM® output datareusedto recommend
changes to existing lane choice models which currently do not handle cases where the
managed lanatilizes dedicated left lane exits alonr@3, thus restricting access

general purposkneexits Existing tolling models do not account for reduced or
increased arterial travel time experienced by the driver resultingusest new

dedicated access and entry pointen themanaged laneAs different tolling regimes

are implemented, the potential impactroadelledroute choicdas obsered

Fourth Objective: Discussrecommendations to update lane choice modéigr
different managed laneconfigurations.

Along I-75, themanaged lanatilizes dedicated left turn exitsedricting access to
general purposkneexits which aregenerdly located on the right side of theterstate
Currently, no lane choice modedxistwhich addresshe inclusion of new dedicated
access points to and from an Express Lane, while at the sameetitneting acces to
general purposkneexitsonce a decision has been made to uttlisamanaged lane
This objective involesthe recommendatioof additional variablesvhich can be added
to traditional lane choice models that naeount for changen total travel timeonce
motorists use new dedicated access pdiota amanaged laneExisting toll models do
not account for arterial travel timésat would beexperienced by the drivafter exiting
themanaged laneetwork, thus, there is no quantification of the potential impact of
arterial travel time from trip origin to trip destinatibeforemotorists enter oexit the

managed laneithin traditional tolling models The impact of lower or higherterial
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travel times experiencedsvehicles exithemanaged lantacility mayimpactthe choice
to usethemanaged laneThearterial travel time aftegxiting the managed larsdould
befactoredinto the existingoll lanechoice modelss it mayimpactthe choiceto use the

managed laneonsideringhe entirety of their trip from origin to destination
4.4 Overview of Proposed Methodology

The elements of the proposed methodojaggluding he steps taken to
incorporate /BM trip data intoVISSIM®, and the methodology employedthin

VISSIM® are encapsulated in summary fornFigures 5 and Figure below:.
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Figure 5: ABM through VISSIM ® Process Schematic
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Figure 6: Overview of VISSIM® Methodology

Chapter 4 outlinetheresearchmethodology used touild the network within a GIS
environment prior to th¥ISSIM® simulation buildwith particular emphasis on the data
collection process, node matching, and data transformation prdceaptes 5 andb

explain the model development process and the stepsdiedolild the microsimulation
model withinVISSIM® for the premanaged lane case (without managed lane) and the
managed lane, after implementatid®imulations withinvVISSIM® are run for the

proposed scenarios for each trip within the AM peak period that utilizes an exit or entry

from different zones withithe model.
4.4.1 Transition from ABM t&/ISSIMP

The layout of the networknduding boundary condition#nterstate managed

lang and arterial roadway linkstilized nodes and links from the 2020 ABM madel
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Boundary nodes from the ABM model were identified for all trips entering and exiting
the network. Trips with path retention entering and exiting boundary nodes were
requested from the ABM Travel Demand model. Simulated trips that entered or exited
the ABM model boundary nodes fronASM. i 11 A.M. were provided by Hongyu Lu, a
senior doctorastudent under the advisementnof Randall GuenslerTrip data from the
ABM model was provided for imputation inkiSSIM® for theexpressd purpose of
building five-minuteorigin-destinatiormatrices which included the number of trips from
each defined origin and destination zone wiNiBSIM®. Initially, the trip data were
organized wittdepartue periods representing a half hour.bihwas necessary to
transform this data to providive-minutetrip datga as needed to perform simulation runs
within VISSIM®. To fulfil the goal of generatinfijve-minutetrip data, a approximated
destinatiorterminaltime was generataasinga randomization algorithm aredibic

splicing The goal was to capture aligs whichtraveledthroughnetwork boundaries
between 5A.M. and 11A.M with particular focus on those which utilized the managed
lane. The 118 network boundary nodes were first identified withenActivity Based
Model (ABM), that is, the entry and exit points defined within the ndtw®nce
identified, microsimulatiomodels were builin VISSIM® and 118 origin ah destination
zones were defined, which representribevork boundary nodes defined within the
ABM model. To find the cumulative number of trips from each representatigair,

the following data from the ABM Travel Demand model were used, nathelyrigin
TAZ, destinaibn TAZ, destination terminal timeip traversed nodes for the entirety of
the trip, and the associated traversed timestamps at each Hoglerigin and destination

TAZOs represent the nodes from which t
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ABM Travel Demand Model. The destination terminal time provides an approximation
of the time that the associated trip entered the model. Since the trip data included path
retention, the trip traversed nodes data provided the nodes traversed alonip emomtr
trip origin to trip destination. Additionally, the traversed timestamp data provides the
time when each vehicle trip crossed a no8anultaneously, the defined origin and
destination zones withiMISSIM® were prepared, so that the boundary s

(specific boundary nodes from ABM) could be associated aéfimed origin and
destination zones withidISSIM®. The python scripivritten by Dr. Franklin Gbologah
generated the cumulative tripatering/exitingeach origin and destination node in ABM
with the origin and destination zones define®¥I8SIM®. Pythonutilized the

destination terminal time as the point of trip grandgenerated matrices with the
cumulative number of trips from each origin and destination zone, and fofiwach
minutedataincrement within thesix-hourperiodof analysis.As mentioned above, 118
boundary nodes were identified within ABM, whil18 origin and destination zones

were defined within/ISSIM®. In short,72 five-minuteorigin-destinatiormatrices were
produced for thaix-hourperiod of analysis (B.M. T 11 A.M.) for each defined-d

pair. The interaction and overlap between ABM 3i8SIM® were providedibove.

The application of cost penalties alomgnaged lanknks, the performance of
convergence runs to reduce travel time variability betvggenlationruns, and the

process of generatingekiicle reord data are discussed in Chapter

4.4.2 Establishment of a BasdSSIM Network

1. Networkboundary conditions were examined througlstesmatic process
undertaken to analyze the surrounding intersections and arterial roads that are
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most likely to be impactefilom traffic exitingfrom or enteringthe managed lane
based upon expectedodelledroute choice

. The roadway links and nodes comprising the network vagrelly built within a
GIS netvork which utilizeddata from the 150k linkBM 2020 Travel Derand
Model.

. After the network was built within ArcGIS 10.7.1, the layout forWgSIM®
network boundaries were established. Geometric elermahtsling links, nodes,
connectors, parking lots, data collection poiets,were used to build the
VISSIM® network.

. Signal timings for 18 signalized intersections using traffic signal data from Cobb
County, Cherokee County, and the City of Marietta were input into the Signal
Controller Module withinVISSIM®.

. Parking lotswere placedatall traffic entry and exit points. Whin each parking

lot, zonesveredefinedto evaluate how much traffis being generated from each
entry and exit poinvithin the model Origin-Destination trips wer paired from
zone to zone withivISSIM® with a total of 118 zones

. Data collection pointare placedhearevery entrance and exibintto ascertain
the vehicle volumesoming out of each zone and provide an estimatemf
attractionsdbetween specific origins and destinations.

. Nodesare placedn the middle of each signalized intersection to captraffic
flows throughintersectios and amerging and diverging points along the
Interstate Nodes are also placed at lalundary entry and exit points.

. A 118x1180rigin-Destinationrmatix wascreated for eacfive-minutedata
interval within thesix-hour(5 A.M. to 11A.M.) time periodsas defined in the
study.

. Python script was used to transform the trip diatan ABM into Origin-
Destination matricestcapture vehicle trips evefive minutes throughout the
study corridor(from zone to zone)

10.VISSIM® utilized five-minutetrip data to build and simulate theodel

11.VISSIM® simulations were run for the proposed scenarios to compare the total

traveltimesand route choice before aafter the implementation of the
Northwest Corridomanaged lanander different tolling regimes (tslper mile
along themanaged lan€orridor)

12. Theprei managed lan¥1SSIM® model examines the total travel time from each

trip origin and destination without the presence of the Northwest Corridor
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managed laneThe premanaged lanmodel refers to the case whe@managed
laneexists.

4.4.3 Perform Simulationso Capture Route Decision

1. Simulations were run with specific tintleresholdsnamely fronb A.M. - 8 A.M.
and8 A.M. to 11A.M. to reduce the size of the data output fifeshicle record)
from each of thenodelruns.

2. Toll rates per mile along theanaged lanwere simulated using toll rates per
mile of ($0, $.20, $.50, and $1.00).

3. Trip routing decisions werinenanalyzed for each chosen scenavithin
VISSIM®.

4. The total travel time foeach trip was quantifieaind measuredithin VISSIM®
for the Pre and Postanaged laneases.

5. Trip route decisions were captured with vehicle redath which provides
information on the vehicle number, the time and location at which each vehicle
entered and exited the model, vehicle travel times, and the route that each vehicle
took for the entirety of their trip from origin to destination

6. Thedefaultcar following models withinvVISSIM® (Weidemanrv4 and
WeidemanrB9) areused for freeway and arterial fleywespectively
4.4.4 Obtain Simulabn Data Results
1. Total travel timeor each trips obtained as outpditom the vehicle record data
modulein VISSIM®.
2. Total travel time is found for individual vehicle tripg taking the travel time
differencefrom time of entry to time of exwithin the vehicle recoréor both the

pre and post implementation cases

3. Changes in vehicle routescommended byISSIM® arequantified for eaclease
presented in Chaptér
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4.4.5 Examining Impacts on Rting Behavior

1. Evaluation ofthanges imoute choices and travel times before aftdr the
implementation of thenanaged laneThe analysiss performedoy comparing
total travel timeandtravd time savings

2. Routing selectios for each triarereflective of the total travel cost of each trip,
which isexpresed as a function of travel time, travel distance, and link costs
within theVISSIM® traffic simulation.

3. The total travel timgewhen the simulation makes the decision via shortest path
modeling to utilizeéhe managed lantr some portion o&trip arecompared to

situations prior to managed lane implementation where onlgaheralpurpose
lanescould be used

4.4.6 Produce Results dRouting Selection

The problem addressed in this dissertation is whetioeielledroute choicewithin a
simulationfrom trip origin to trip destinatiosignificantly changetbecause afravel time
andlocationdifferencesafter the implementation of the Northwest Corrid@naged
laneduring theA.M. peak periods Changes tahe Travel Costs per tripttributed to tolls
are other factoraithin the simulatiorserves asanindicator as to whether theanaged
laneimpactedmodelledroute choiceas lower costs of individual trips after
implementation may increase the probabitifychoosinghe managed lane
Demonstratedhanges irtotal travel timamay reveal whether drivers are more likely to
utilize themanaged laneAn implicit assumption being made the study is that
simulationwould choose the travel option that reliably reduces individual trip cddts.
exit locations from thenanaged laneestrictaccess t@eneral purposkneexits,
introducing a potential impact ahversioninto themanaged lanél'he following

relationshipsnay reveal whether the access restrictions imposed by the implementation
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of themanaged langielded significant changes todelledroute choiceas evidenced

through changes in total travahe.

4.5 Assumptions

The following sectiors enumerate the assumptions that were made in the
development of the methodology. The assumptions are broken down into four distinct
sections, namely, driver behavioral characteristics, signal control, dynamicnasstgn
and an overview of the process layout atements within th&1SSIM® microsimulation

model.

45.1 Driver Behavioral Characteristics

The driver behavioratharacteristics employed are based on a stochastic, time
step based, microscopic model. The traffic flow model contains a pgyutsical car
following model for longitudinal vehicle movement and a #loéesed algorithm for lateral
vehicle movementlt was important to design this study understandingrtiwaorists
may operate under different levels of aggressiveness within the simulstaiarists
may follow closely behind other vehicles and brake erratically, while others may seek to
operate conservaely and be extremely cautious when drivintherefore, the
recommended default settings for driver behaviour were used as recommended within the
VISSIM® Manual. The recommended ranges allowed for a plethora of different driving
situations which adequately encompassed driving behaviours that ranged from not
aggressive to extremely aggressiva exhaustive review of all driver behaviour
characteristicss not includedsince the decision to modify these parameters are location
driven. This study does rianodel actual driver behavior as simulated trip data has been
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used within the microsimulation modellingdlowever, it is important to note that

simulation results are significantly affected by parameters such as waiting time before
diffusion, minimum headway, and the safety distance reduction factor as well as others
discussed in the literature reviewor our study, waiting time for diffusion was assumed

to be 60 seconds for freeway traffic. However, for urban traffic, time of diffusion had to
be increased to 300 seconds, wirighresents one to twgignal cycle lagths. Waiting

time for diffusion represents the amount of time a vehicle can wait before making a lane
change. If this time is exceed@dSSIM® removes the vehicle from the model. The
minimum headway recommended BSSIM® is 1.64 ft. Headway refers to the distance
between successive vehicles in the same lane. Large heanlviaygsto three feet

between vehicles would represent an extremely safe network but would reduce capacity
to 1800 veh/hr or less on major roadway networks. Small values of Agadwh as .50

ft would correspondingly increase capacity to 7200 veh/hr but would make lane changing
almost impossible andatribute tosignificant gridlock given the inability of

infrastructure (signals, etc.) to adequately manage such high traffic flows. Therefore, a
value of 1.64 ft for headway as recommended was utilized for this analysis. The safety
reduction factor represents tregluction in the original safety distance as vehicles make a
lane change. Small values of the safety reduction faatr as .2 or .3 would reduce the
original safety distance by 80% and 70% respectigaty make it more difficult folane
changsto occursafelyduring the busiest peak periods. As traffic volumes increase
during the AM peak hours, frequent lane changes can lower roadway capacity, but some
flexibility must be allowed for lane changes to occur. The recommended value of .60

was used for the safetgduction factor in this study, which represents 40% of the
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original safety distance during the lane chaagéound in the preponderance of the

literature.

4.5.2 Signal Control

Signal control timings for pre and post implementation models were adgame
remain identical except where new signals were atideduse ofiewmanaged lanexit
and entry pointsThe signal cycle lengths and timings were configured tessmt the
busiest peakeriods. VISSIM® does not allow for signal timing to be fuliglaptive to
real time changes in travel demanbo mitigate potential issues, the signal timings and
cycle lengths for the busieshehourperiod during thehreehourpeak periods were
usedto accommodate trafficReal signal timing data for all study intersections were
provided by Cobb County, Cherokeeuhty, and the City of Marietta. Ring Barrier
Control serves as the default emulator witlI&8SIM®, where phasing is split up into
two specific goups which contrgbhases for each intersectibasedn location (North
South and EastVest) Ring diagrams were provided for each intersection by the
respective agency. Ring barrier diagrams are constructed with the assumption that phases
in a ring need to be served sequentially, not concurrebdgtly, the maximum amount
of time a vehicle can waib make a lane changenot a parameter thean be changed

once the simulation starts.

4.5.3 Dynamic Assignment Parameters

The choice of dynamic assignment as opposed to static assignment was critical,
especially as the size of the network increases and travel demands change over time.
Static assignment specifically defines the path that vehicles must travel from origin to

104



destination, so there would not be an opportunity for the selection of different paths
Dynamic assignment refers to the process of distributing vehicles among all potential
available paths given the parking lots which are assigned to corresponding Raties.
are defined as a sequence of edges starting at an origin parking lot and ending at a
destination parking lotVISSIM® enumerates the number of paths between each origin
and destination and selects paths based upagetieraked costs for each ffa For this
study, the Kirchhoff stochastic distribution was used to assign paths for each iteration
based upon thgeneraked costs for previous iteration$hegeneralzed costs of a path
consist of travel time, travel distance, and links costs and are defined as the summation of
the cost of the edges which compose each travel pa8SIM® seeks to find best paths
based upon an evaluation of travel costs for each path. Implicit within the Kirchhoff
distributionlogic is that drivers would prefer to choose paths with lower travel costs, so
those pathsvould necessarily carry mowelume. In this study, the path selection type
was decided at the start of each trip with a particular focus on choosing paths that
presented the lowegenerakost. The path sel ection type Odec
been chosen, however, conducting this evaluation at eachmadeodel this large

would have introduced additional issues withdahangingmodel latencyand

significartly increased the time it takes to run the modsdditionally, it is unlikely that
motorists make decisions oruan-by-turn basis, especially for known routes or longer
trips. A key component of the path selection model is the Kirchhoff exponent, which
serves as a sensitivity factor which measures how the model respaiiffisrémces in

the utility of a selected route. High values of the sensitivity factor would assign all

drivers to the O6best rout eo, t hduresultinnae r | oa d
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almost equal distribution for all possible routes. Further details about the Kirchhoff
distribution, routeutility function, and the sensitivity componemeprovided in Chapter
6, which detailsVISSIM® Model DevelopmentFor dynamic assignment, it was critical
to ensure that models weareastablestateprior to running simulabn models and
obtaining results, so all the models went through convergesting, which examines
travel time differences between each model MMISSIM® goes through a pross of
learning the stochastic behaviour of the moBel. thepremanaged lanmodels (5

A.M.- 8 A.M. and 8A.M. - 11 A.M.), respectively, the models converged at the 80%
level with travel times along paths not varying more than 15%. For the set of runs
including themanaged laneconvergence occurred at the 75% level with travel times
along paths not varying more than 15With large, complex models, it is difficult at
times to achieve convergeneeen at the 75% levellThere were some limitations within
VISSIM® that allowed for no more than 19 convergence runs to be performed before
VISSIM® would struggle reloading certesignal controlleelements. If 50 convergence
runs could have been performed, thenaged lanenodels may have reachbijher
convergence levslhowever, there are limitations tlee computeprocessing power and
the ability to store 50 individual cost, path, and convergence files for eachtehthe

model runs.

4.5.4 Dynamic Assignment DecisiGnrABM and VISSIM

A potential consideration for this work would have been to utilize the NaviGAtor
link speeds fogeneral purposkanes toll point speeds for themanaged laneand results
from the 203K link dynamic traffic assignment model provided within the ABM.

However, since the purpose of this work concerns an evaluation of routing behavior in a

106



complicated environment containing 162 signalized intersectesterials Interstate
managed larg challenging lane configurationand a need to compare the same network
environment for pgand post model runs, a decision was made to UWIS&IM®

simulation to perform model run&/ISSIM® allows for a direct comparison of travel

time differences under the same lane following, dynamic assignment, time of diffusion,
and heterogeneous tolling conditions for the post model runs. It would have been
difficult, if not impossible, to utilize the impact of heterogeneous tolls on routing
behaviour within the ABM, given the need to apply these costs on a per mile basis along
managed lanknks, which is a feature provided withilVdSSIM® microsimulation
environment.Vehicle Record data results froidiSSIM® provide speeds along each link

at asecondby-secondesolution along all links within the network. This level of
resolution may beuperior to speeds juat specific toll points along theanaged lane

within the ABM model Dynamic traffic assignment withiISSIM® incorporates better
representations of network attributes and configurations by allowing for a more tailored
representation of signal timing and intersection controls and the ability to simulate route
choice. Given the ability taniquely model large networks with signalized intersections,
directly compare routing choicprovidespeeds along each routgye travel timesrom

trip origin to trip destination and along each liakd the option to place tolls per mile
within themanaged langaffic links, VISSIM® was selected to perform the model runs

for the pre and post conditions.

4.5.5 Process and Layout Overview

Prior to the development of the microsimulation model, it was necessary to utilize

information from the Activity Based Model (Travel Demand Model)uddthe network
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within a GIS platform, ArcGIS (version10.7.]. Thefive-minutetraffic volumes and
speeds to be used within the Origin Destination matrices witt88IM® are generated
within the150k link ABM Travel Demand ModelTherefore, the links and nodes from
the 150k link Activity Based Model werused to develop the networkoncurrently, the
microsimulation model was being built withiiSSIM® for the specified model
boundaries. Criticallyall thenodeently and node exit locations frothe ABM, both
intemally (at intersections) and externallpterstateand arterial roads) had to be
identifiedwith entry and exit locations withiISSIM®. In VISSIM®, the origin and
destination at each entry and exit point were modelled as parking lots. Parking lots
contain zones, which serve as points of origin and destination. Traffic within the
VISSIM® model travel from one zone to anotlferigin to destination)constituting a trip
with a specific origirdestination pair Once these locations were identififile-minute
speed and volume datgeregenerated for all entry and exit locatior@nce all entry and
exit locations were identifieanatrices were deveped for eaclive-minuteperiod
analysed from§A.M.-11 A.M.), resulting in the development 82 separatdive-minute
matricesthat contairorigin-destination triprzolumes from each zone. Some assumptions
made regarding specific usage of geometric elenwvatitin VISSIM® are provided

below:

1. Data Collection points were placed near each entry and exit location to collect
traffic flow data.

2. Relative flows entering théISSIM® network were taken as the following: (1.0/#
entry links entering th&#ISSIM® model). hdividualstypically behave in a way
which mimics the minimization of the vratio for their trip.

3. Links and connectors withiISSIM® areset upwith a25-foot emergency stop
distance and,500foot lane change distances throughout the model as found in
the thresholds recommended throughout the literature.
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4. Matching of nodes betweedISSIM® and the travel demand model was done
manually, as significant geometgarvaturechangedetween the 75k and 150k
networks nullified the strategy of using a distance formula to match the entry and
exit nodes.

A descriptionof these processésprovided in ChapterS and6, which detail both phases

of model development within ArcGFSandVISSIM®, respectively.

4,6 Limitations of the Methodology

A few limitations of the methodology alistedbelow. For a large microsmmation,
few modelling software progranase as adept a8SSIM®, but the adjustment of some

parameters after the simulation has started would be helpful in certain cases.

1. The time of diffusion thresholds cannot be changed in particularly congested
areastheymust be applied universally throughout the modehiclesdo not
disappear aftgpeliods of intense congestion.

2. Lane changing behavior MISSIM® may notalwaysreplicate real case
condtions as some vehicles mgyeue in oa lane even when there is available
capacity inanadjacent lanéo make a lane change

3. Signal timings inVISSIM® cannot benodelledto dynamicallychange cycle
lengthsin response to dynamic increases or deceegdeaveldemandccur.

This problem is not unique ¥ISSIM®.
4. The number of convergence runs were limited by processing power and the

tendency of th&1SSIM® software to struggle with loading Signal controllers
after runnumberl8.

4.7 Summary of the Methodology

Chapter 4orovided an overview of the proposed methodology and identified the
primary objectives and assumptions used in its developnregearch objectives,

hypotheses, and research statements were provided along with brief descriptions of each
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component of the methodologfhe establishment of the bagtSSIM® network during
the A.M. peakperiodincludes discussion on the steps taken to build the network within
ArcGIS® andVISSIM®. The placement of geometric element¥i8SIM® was

described along with some brief discussion on the data typesr¢heted to perform
simulations withinVISSIM®. Simulations were performed withiHSSIM® to capture

the route decisionand estimate travel time differences after the implementation of the
NorthwestCorridor managed laneRoutesareselectedvithin VISSIM® basedupon the
generakosts for each tripvhere the primary focus lies within the sensitivity analysis on
toll rates per milafter the implementation of theanaged laneEach trip route decision

is captured throughsingvehicle record datavhich provides information about each
vehicle that enters and exits the maddein specific trip origins and trigestination

during the5 A.M. T 11 A.M. time periods The impacts omodelledroute choiceawithin

a simulationareexamined by quantifyindifferences irthetotal travel times under
different tolling regimedy matchingrips (with same origins and destinatiomsade

bothin the pre implementation model (without) tmanagd laneand after thenanaged
lanewas implementedSectiond.5 discussed some assumptions associated with the
implementation of the methodology, focusing on behavioral components, signal control,
dynamic assignment, and an overview of how the components from the travel demand
model were built into th¥ISSIM® microsimulation model.Section4.5.4 elaborated on
the choice to us¥ISSIM® as opposed t&BM to simulate pre and post model runs
given the objectives of the studiBehavioral components are difficult to quantify

directly within a microsimulation environmenthe rationale for selecting specific

values for the time of diffusion, minimum headway, and safety reduction factors were
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discussed. The discussion on signal control was introduced to provide context on some
of the challenges involved with the inability to chasggnal timing and time of diffusion
parameters once the simulation has started. The sectidpnamicassignment

parameters provides an overview of the choice to use dynamic assignment, quantifies the
path selection process, and briefly describes the function of the Kirchhoff distribution and
the importance of the sensitivity parameter used withitvVtB&IM® microsimulationas

well as a brief description of convergence criteridine lasthapter ends with brief

discussion on how the Activity Based Model network was used to buiMIS®&IM®

mode]| concludingwith anexplanation about how trip data frokBM is used in the

development of OrigiDestination matrices withiWISSIM®.
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CHAPTER 5. PRE-MANAGED LANE VISSIM® MODEL

5.1 Model DevelopmentOverview

The Northwest Corridoexpresdanes, completed in September 2018, added a total
of 29.7 milesof barrierseparategdreversible, tolle@xpresdanes along-IF5 from Akers
Mill Road to Hickory Grove Road and alongT5 from 75 to Sixes RoadThe focus
of this dissertation is to examine whether restricted accegngral purposkneexits
would impact drivingnodelledroute choicefter the implementation of the express lane
and whether data output from théSSIM® microsimulation model could be used to
inform the development of lachoice models that address these access restriclions.
modelroute choicébefore and after the implementation of the Northwest Corridor
Expresd.ane, it was necessary taderstand whenreehicle trips were entering and
exiting the networlduring theA.M. peak hours The Atlanta Regional Commission
(ARC) developed an Activity Based Travel Demand Modd&N1) which provides
household level trip dafar a150,000linkn et wo r k @Hghway systemTha 6
geographical information system (GIS) bounesiof the project network were extracted
from the 2020 ABM model into a GIS mapping software, namely, Ar@I&rsion
10.7.]. Theinternal and external entry and exit points into the model were identified by
capturing all the locations (nodes) where trips enter and exit the model within the
specified time period$H(A.M. - 11 A.M.). Once the vehicle trips egring and exiting the
model were quantified?ython script wa used to transform the trip data into Origin
Destination matricethat capture vehicle tripsveryfive minutesthroughout the study

corridor. Furtherdetailsareprovided in subsequesections about the 202BM Travel
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Demand Modesetup and usagthe developmenof projectmodel boundarieshe model
building processwithin ArcGIS®, and discussions on @acollection and generation
Chapters focuseson the model development process prior to incorporation into the
VISSIM® microsimulation, while Chapté describe model development within

VISSIM® after the implementation of the Northwest Corridor managed lane.

5.2 Overview of 2020 Activity Based Model ABM)

Activity based modelingllows for an analysis of houkeld level and person level
attributesby incorporating the socioeconon@nd demographicharacteristics of
individual householdDecisionmakers in the model system include bpéopleand
households.These decisiomakers are created (synthesized) for each simulation year
based on tables of households and persons from 2010 census data and forecasted TAZ
level distributions of households and persons by key ssrnoomic categoriesThese
decisionmakers are used in the subsequent disatedéce models to select a single
alternative from a list of available alternatives according to a probability distribution
The probability distribution is generated from a logit model whimhsiderghe attributes
of the decisiormaker and the attributes of the various alternativesnoted by
Davidson9) , t he ARC6s Activity Based Model
Regional Activity Based Modeling Platform (GRAMP®), which includes a full
simulationof travel decisions for discrete households and persons; explicit tracking of
time in halthourly increments and use of time constraint$h@generation of travel, as
well as explicitly modelled intriousehold interactions across a range of activity and
travel dimensionsWhile the intricacies of the architecture of &Bmp are beyond the

scope of this work, it should be noted that theR&mpactivity-basedmicrosimulation
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component of th&BM model is implemented in Java and uses a Java Processing

Framework and aapensourcdibrary to manage the distribution of tagik®).

While there are other components of &M model components, theye
mentioned only briefly here since the outputs (trip data) of the ABM model, governed by
CT-Ramp,areused to develop OrigiDestination matrices within tHélISSIM®
microsimulation modelThe Common Modeling Framework (CMF) is @perrsource
library used to implement advanced travel demand forecasting models. This software
specifies different alternatives, nesting structures, utilities, and data within a utility
expreswn calculator wih the goal of building a logit model from the data providéte
ARC also continuously updates any changes in market definitions and the outputs of the
utility expressn calculator to dynamically adjust to changing behaviors of individuals

and households over tinfg0).

5.2.1 CT-RAMP® Model

The Atlanta Regional Commissiathentified five major componesiof its CT
Ramp Model namely,synthetic population, long term @ite modelsdaily activity

patterns, tour mode, and trip mode choice leading to eventualatonite.

5.2.2 Population Synthesizer

Thepopulation synthesizer usegormation from the census @ihe land use
model and generatesdetailed synthetic population costeint with land use forecasts
The synthetic population includes a record for each lmlden the region, including the

number of people, age, size, income, number of workers, and number of children for each

114



household The population synthesizer takes census data from the Public Use Microdata
Sample (PUMS) and zonal level and regional marginal distributions of household by
various characteristics. These distributions are used as controls or targets which the
synthetic ppulation attempts to match as closely as possititeactivity-basedravel
demand model can then predict travel throughout the 21 County region at a household

level (30).

5.2.3 Long Term Choice Models

There are foulong-termchoice models, which include Work from Home Choice,
Mandatory Activity Location Choicéwvork location) Car Ownership, and Free Parking
Eligibility. The model form of the Work from Home choice model is multinomial binary
logit with thedecisionmakingunit being workers. This model predicts whether a worker
works from home or has an eof-home work locatiorfirom survey dataThe survey
respondents were asked about their work address with the options of fixeubfnei)
home, orvariableThe respondents who chose Ahomed we
from-home workers.This model is applied for employgeoplein the synthetic
population. In the work locationmodel output the workrom-home workers will have a
WorkLocation field populated with a ke of 999930). The explanatory variables
included in the worKrom-home model includes person level and household level
demographic variables and auto and transit accessibility varidbleie the work from
home model would seem to have little relevance to our study, the number of people
working from home should be considered given many workplaces still offer a hybrid
model which allows for employees to work from home for part of thegkythus

impacting the number dfome to work tips in any giverregional networkthus
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removing the choice of usingnanaged lanaetwork as more work is done remotely

The model form of the Mandatory Activity Location Choice Model is multinomial logit.
This workplace location choice model assigns a workplace TAZ for every employed
person in the synthetic population who has araofiitome work location. Every worker

is assigned a regular work location TAZ according to a multinomial logit destination
choice mode(30). The explanatory variables found to be significaate the cost of

travel for each travel mode, distance, household income, work status, area type, retail
accessibility at workplace locatiohigh- or low-densityurban areas for origin or
destination, and size terfB0). The size terms vary according to worker occupations, to
reflect the different types of jobs that are likely to attract white collar ordailar

workers. Accessibility is measured by a representatinae choice logsum based on
peak period travelA.M. departure an@®.M. return), as well as distance tetivorkplace.
The mode choice logsum represents the total ease of travel between two zones across all

available modeg30).

Since mode choice logsums are required for each destination;shage
procedure is used for all destination choice models HR&MP® to reduce
computational timeln the first stage, a simplified destination choice model is applied in
which all zones are alternative$he only variables in this model are theesterm and
distance.A probability distributiorfor all possible alternatives excegines with no
employment A set of alternatives are sampled from the probaldigyribution,and
these alternatives constitute the choice set in the full destination choice model. Mode
choice logsums are computed for these alternatives and the destination choice model is

applied. A workplace TAZ is chosen for each worker from this more limiteaf se
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alternatives. There are also model options for grade school and university students,
however, thosparameterare notdiscussed as the focus of this work is home to work

trips during the AM peak hou(80).

The numbenf hometo work trips would be affected by the availability or
ownership of a vehicle for travel. The Car Ownership model takes the form of a nested
logit model which predicts the number of vehicles owned by each housdfmid.
alternatives are provided within this model, namely, whether a household owns zero, one,
two, or three or more cars. The size and composition of the household, number of
drivers, household income, auto and transit accessibility, rail accessihilgguttents
and worlers, and auto dependency for workesgito and transiaiccessibilitytake the
form of destination choice logsum variab(868). These variables represent the total ease
of travel from the residence zone to all possible destinations, respectively using auto
modes and transit mode$his type of accessibility measure is preferred over measures
based solely on travel time or distance because they incorporate multiple indicators of
level of service, including costWorker auto dependency is a measure o aut
accessibility relative to transit accessibility, specifically for the workplace destinations of
workers in the householdt is computed as the sum, across all workers in the household,
of the difference between auto and transit mode choice logsums. Increasing values
indicate worsening transit accessibility (in relative terms) and therefore higher likelihood
of owning multige cars. Lastly, the free parking eligibility model takes the form of a
multinomial logit model that predicts drivers travelingateas where parking is not free
have access to free parking. The model assumes that people who park for free are aware

of the availability of free parking prior to the beginning of their trip. The parking
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eligibility model is placed upstream of the destination and mode choice models so that

these choices can be informed by the availability of free parking.

5.2.4 Activity Patternand TouringModels

The third component of the CT Rafhare the Activity patterand touring
models which generate daily activitgtperns and individual tours (serigstiops) by trip
purpose for aynthesized population. Daily activity patterns are separated into
mandatorynornrmandatory and at home patterns. Mandatory patterns include at least
one of three mandatory activitiesuch as work, home, or scho®lon-Mandatory
patterns do not include travel for mandatory activities, while at home patterns refer to
only in home activitiesThe decisioamakingunit for daily activity pattern model is the
household.These activity pattern models take the form of a multinomial logit model
which uses dily activity patterns as the independent variable, while the person and
household characteristics, accessibility measures, and the intra household interaction
terms are the explanatory variabl@®uring models predict the number and purpose of
tours for each person, destination, and time of day chdideur is defined as a series of
trips beginning and ending at home or work. Theséameebasedrips with primary
origins and destinatiag) which allow for intermediate stops if necessary. Sevepaisty
of touring models are used within tABM model including individual mandatory tours,

joint tours, individual non mandatory tours, and at work sub @@
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5.2.5 Individual Mandatory Tours

The home to work trips are defined as mandatory activities withiABihé
activity typesegmentatiomopology, so abbreviated discussion on the individual
mandatory tour frequency model and the individual mandatory time of day choice models

arediscussed for the sake of brev{80).

5.2.5.1 Individual Tour Frequency Model

The Individual Mandatory tour frequency model takes on the form of a multinomial

logit function with five possible alternatives as shown below:

1. One work tour

2. One school tour

3. Two or more work tours
4. Two or more school tours

5. One work tour plus one school tq@0)

These tours argenerated at the person level, which representettisioamakingunit.

The model seeks to predict the exact number and purpose of mandatory tours for each
person exhibiting a particular activity pattern. In the case of our study, one work tour
would be the most relevant tour to consider ad/igSIM® simulation does not
accommodate intermediate stops after leaving home (like dropping children off at school)
before arriving at work Since the Coordinate Daily Activity Pattetype modekhosen

at the household level determines which household members engage in mandatory tours,

all persons subjected to the individuaamdatory tour model would take at lease
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mandatory touf30). The explanatory variables that relate to household composition,
income, car ownership, work location, land use development, residential density,
employment density, accessibility factors ased to estimate the number of work trips

(tours) taken.

5.2.5.2 Tour Time of Day Choice Model

The individual mandatory tour time of day choice model takes the form of a

multinomial logit function which estimateise combinations of tour departure and arrival

times as a function of household and personal characteristic and network level of service.

There are potentially 1,176 possible combinations of tour departure and arrival half hour
periods as the ABM modelifictions at a temporal resolution of 30 minutes. Some
transformation of this data was needed to achieve a more robustraénegolutionof
five-minutedata. Those detailareexplainedn Section5.4 which elaborates on the data
collection processThe model utilizes household, person, and zonal characteristics, most
of which are generic across time alternatives. However, network LOS variables vary by
time of day, and are specified as alternatvpe ci f i ¢ based on each

and arival time (30).

Within the structure of the GRAMP® model, tte time-of-day choice model is

placed after destination choice, lputor to male choice. Thereforéhe origin and

destination attributes are used as variables to estimate the combinations of tour departure

and arrival time back hom&he choice alternatives are formulated as tour departure from

home/arrival at home halfour combinationsg;h), and the mode choice logsuarsd

bias constants are related to departure/arrival pergisTour duration is calculated as
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the difference between the arrival and departuretmalfs (i g) and incorporates both

the activity duration and travel time to and from the main tour activity, including any

intermediate stop&0).

The tour Tme Of Day choice utility has the followingeneraform:

& %

V=V, +V, +D, + ;:hlL‘Z V.

L] J

9)

where,Vg ,Vh = departure and arrival tirepecific componenitfni g = durationspecific
componentsm = entiretour modes (SOV, HOV, walk to transit, drive to transit,-non
motorized) Vstm= mode utility for the tour by moda, leaving home in period
(containing half houh) and returning home in period (containiglgande= mode choice
logsum coefficient

While this study focuses on travel times frémrA.M. - 11 A.M. for five-minutetrip data
within a microsimulationthe default Time of Day choice model rounds reported
departure and arrival times to the nearest half hBome transformatiaof the data

wereneeded to achieve the appropriate resolutioraaadiscussed in Sectn 5.4.

5.2.6 Practitioner View Limitations of the Activity Based Mod@&EM)

There is a perceptiahat activitybased models represent an advantagetaper
basednodels by analysing patterns @Haviour, butmany practitionersiew its
adoption agost prohibitive. Another limitation is simply hiring staff who can
understand all the technical details of how actiiised models work and interpret
results quickly and efficiently. During the onset of the COMMpandemic, the
assumptions underlying many activitged models may need to be reconsidered. While

activity patters are built in an activipased model, there is a restriction on how trips are
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organized during the day given a thirtynute resolution for departures and arrivals.

While further resolution may be cost prohibitive, travel demand often changes over much
shorter time intervals, potentially at sfiNee-minuteintervals, especially during the peak
travel hours of the dagnd events that precipitate a change in travel demand
Transformation of the trip dat@asnecessary to achieve a more appropriate resolution

for shorter time interval account for changes in travel demamdhile ro model can

fully predict human behaviour, it is important to recognize that COVID 19haag

change the way people choose to travel due to greater acceptance of working from
home. The advent of teams and zoom meetings from home and advanced software that
allows for collaboration with colleagues in real time may become a permanent shift. If
more peoplevork from home and travel less, the fundamental assumptions underlying
activity-based models be modified to address such chatigesy be challengingp

schedule thactivities of individuals antiousehold®n a daily or weekly level Activity
models utilize the terminology of &édmandato
While this assumption may appear innocuous, priorities often change for situations such
as taking care of elderly parents who have fixed time periodfofdor appointments or
making sure that a child is picked up from daye at a fixed time to avoid additional

fees. The last two examples generdly defined as noimandatory activities within an
activity-basedmodel, but there may be a paradigm shift where flexible work schedules

may make the definition of a home to work

5.3 Model Boundary Development

Model boundaries were developed to capture the routes that would account for

most of the t@ffic flowing throughthe study arealt wasnecessary to expand model
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boundaies westward to Atlanta Road and eastward to Cantad Bs these areas

contribute significant traffic and serve as major artealdag the study corridorOne

key objective is to mdelany changes in total travel tisr specificorigin-destination

trips, with a particulaffocus onthosetrips that use the Northwest Corridoranaged lane
Arterial travel time may represent a larger percentage of trip travel time for loowgper
to-work trips during the AM rush hour period¥wo considerationsiformed the model
development process, nhamely the desire to capture routes which are most likely to carry
traffic entering or exiting thenanaged laneard anallowance of anore comprehensive
asseswent as tavhether total travel timeshangedrom trip origin to trip destination

after the implementation of theanaged lanandervarious toll gnalties The primary
objectiveof this studyis to analyze how location differences and potential arterial travel
time differences resultinfjom new dedicated access points to and from the Express Lane
may impacimodelledroute choicdrom trip origin to trip destinatiobefore andafter the
implementation of the Northwest Corridmanaged landuring the AM. peak hours

These new dedicated access pamnéyimpactthe choice to usamanaged lane

especially ifmotoristsexpect increased or reduced travel costs for theidtré to the
proximity ofthe dedicated access poitto t he dr i vihemsapofthe i p or i gi
Northwest Corridomanaged lanes shown below irFigure 7with access points shown

along 75 and 1575(2).
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Figure 7: Northwest Corridor Project Map (2)

Along I-75 SB, there are access points where traffic can enter or exitihgged lane
just north of Hickory Grove Road, Big Shanty Road, Roswell Road, Terrell Mill Road,

and just north of Akers Mill Road where traffic can exit thenaged lane
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5.3.1 ArcGIS 10.7.10verview

ArcGis® (version10.7.]) is aGIS tool used tcstore, query, analyse, and allow for
a wide range of information processing, including data manipulation and andlisss.
study utilized he ArcGIS Desktopwhichis comprised of three apphtions used to
model thenetwork, namely ArcMdp, ArcCatalod, and ArcToolbo%. ArcMap® is used
to create maps, query attributes, and analyse spatial relationships. Arc€atghkgjzes
spatial data and allows for the management of metadata. ArcT&albows for data
conversion and manipulation, geoprocessamgl map projection§hape filesand layers
were added within a geodatabase, which stores the vector data used in this study. Vector
data refers to points, I|lines, and polygons
surface through the geometric coordinates AX, AY, BX, and Bie Atlanta Regional
Commission (ARC) providethenodeand link layerdrom their 2020 Activity Based
Travel Demand ModelABM) as well ashape fileshowing the locations of Traffic
Analysis Zones (TAZ). This informationas used to generate a network maéihin
ArcGIS®. The 2020 ABM model containingore than 150,000 tréd links from a 21
County areavas trimmed to reflect the model boundaries (external and internal entrance
and exit points) used for this studinternal boundaries refer to entry and exit points at
intersections, while external boundaries refer to entry and exit points occurring at the

outer boundaries of the model that have been trimmed.

5.3.2 ArcGIS® 10.7.1Data Types

Linksand nodesvere the primary geometretements used to build the dyu

network within ArcGIS. However, for each element, significant ammwoftdatawere
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provided within the Activity Based Traveldinand ModelOnly the most important data
types usedrediscussed, as a comprehensive assessment of all data types would be
unfruitful. Brief descriptions of thenost importantiata types are taken from tA8M
data dictionary, which defines the data outputs that are provided frohkBtieTravel

Demand Model.

In short, links are defined as line segments with a beginning node and ending
node. Traffic travels on a link and through the beginning and ending nodes, denoted as A
and B, respectively. Please note that B can serve as a beginning node as the primary
factor is the direction of travelLinks are setup within the model to be bidirectional,
particularly abng roads and arterial routes. Geometric coordinates AX, AY, BX, and BY
are used to define the locatiavisthe nodes at both ends of each lvikhin the ABM
model ArcGIS® uses a coordinate system to display, measure, and transform geographic
data. In this study, the WGS 1984 coordinate system is specified within the input
coordinate system used for data projection. The length of the link is represented as a
distance tabulated in mile®f vital importance is the information on the vehicle volumes
during theA.M. peak periods, which are split up by vehicle type and person occupancy.
The name of the county where the link is located, facility typentineber of lanes, the
name of the road, and a plethora of other information suttteas/erage speed during
the A.M. andP.M. rush hours, and even the estimated Volume/Capacity ratios for the
roadway are provided. A data sample from ArcGikSprovided inFigure 8for a

roadway link along Ridgewalk Parkway.
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Figure 8: Link Data -Ridgewalk Parkway

Nodes are represented as single points with specific X and Y coordinates. As shown
below inFigure 9 the highlighted node has a specific node type that defines it as a road

node, node id, shape classification, and most importantly, defined X and Y coordinates.

I

ity rom:

Figure 9: Node Data Ridgewalk Parkway

Centroids are nodes which are placed within a traffic analysisazahénked to

the roadway network through centroid connectathin an Activity Based Model
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Centroid nodes are typically used to represent traffic analysis zones, where trips begin
and end within a travel demand model. However, centroids represent more of an
aggregatiorof traffic origins and ddgations within alAZ andare theoretically

expected to contain no traffic within an Activity Based Mo@antroids ad centroid
connectors were considered for use withinti@SIM® traffic simulation but were

shown to congest traffic and increase travel times withivtB&IM® microsimulation

along he mainline as they were located in areas which had a high dearsitylosely
spacedntersections andiould impactestimates of OrigibDestination travel timeky

arbitrarily increasing traffic densignd queuinglong the mainline routedVithin the

VISSIM® microsimulation, there was no way to model centroid connector links with
unlimited capacityso they were removed from the analysis as they would theoretically
carry no traffic within aractivity-basedmodel. Current research is underway at the
University of Texas to address the incorporatiogesftroids iio microsimulation

modelsby examining how to load and allocate traffic demand for small netwiodkso

current research studies are known which address this issue on a macroscopic level for a
large networlwith a high density of signalized intersectiofi e model layowgtin

VISSIM® andArcGIS® shownin FigurelOwas bui lt using G$4S | ayer
ABM Travel Demand ModelThe ABM Travel Deanand Model was comprised of

Interstate arterial, andnanaged lankinks. Both models arbuilt with the same

representative boundaries.
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Figure 10. Model Layouts in VISSIM ® and ArcGIS®

5.3.3 Data Collectioni Travel Demand Model

To develop OrigirDestination matrices within thélSSIM® traffic simulation, it
was necessary to colletcip data from the 150,000ips traveling through eaabf the482
nodes, 7838 traffic links, and 118 unique zones from 237 parking \dtsch are found
within the VISSIM® model boundariehese external and internal nodes inclatie

locations where traffigvould have enterednd exits théABM Travel Demand model.
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Trip data from both the external nodes at the outer boundaries and internal boundaries at
each of thel62 intersections were necessary to achiekelstic picture of how traffic

flowed through the network during theM. periods of analysisom (5 A.M.-11A.M.),

with times split between BA.M. - 8 A.M. and 8A.M.-11 A.M. These time periods were

split into twothreehoursections to reduce the size of outflgts andreduce processing

and run times needed to calculate travel times for trips traversing 13,924 otugpaérs

(118 unique zonesyithin VISSIM®.

At intersections, it is reasonable to assume that traffieringthe modefrom
internal boundary points (edges of intersectionsild impact the model, while traffic
which exits the model would not have subsequent impanttraffic flow within the
networksince that represents traffic exititige model Critically, the most important
component of the data collectipnocessvas to know the number of trips entering and
exiting the model at all entry and exit locations from origin to destination. dfud#tails
about theorigin-destinatiomrmatrix developmenrdreprovided in Chapte8, which

discusses the model development process WitHSIM®.

5.3.4 Data Collection Process

There were some challenges to overcome within the data collection process. Firstly,
in the CFRAMP® model component of th@BM travel demand model, the individual
tour time of day choice model takénetakes the form of a multinomial logit function
which estimates the combinations of tour departure and arrival times as a function of
household and personal characteristic and network level of sefiieze are potentially

1,176 possible combinations of tour departure and arrival half hour periods thmbagho
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entire day as thABM model functions at a temporal resolution of 30 min(@as.
Transformation of this dataasneeded to achieve a more robust terapesolution of
five minutes Secondlyjt was important to knowhe trip progression frorthe

timestamp at each node, from trip origin to trip destinatibime following data \ere
provided for each trip throughout the network afterABM Travel Demand model runs,

as shown beloWB1):

1. TripOccupancy: HOV2, HOV3, or SOV

2. hh_id: Household ID

3. person_id: Person IDPersons are unique in terms of a combination of HH ID
plus person ID.

4. tour_id: Tour ID- not so useful. See trip ID below.

5. org_taz: Origin TAZ ID.

6. dest taz: Destination TAZ ID.

7. depart_period_id: The period ID of departure time (from 1 jo E8ery period is

30-minuteslong.

8. depat_period The departure periagpresentshe beginning and ending
timestamp for each trip

9. num_participantsNumber of participants (trales).

10.trip_id: Trip ID. Uniqueld for each individuatrip

11.trip_mode_name: The trip mode name embedad&RC.

12.travel_time: The trip travel time (including tlbeigin and destinatioterminal
time) in minute.

13.distance: Trip distancen(les).

14.origin_terminal_time: The terminal time (in minute) at the origin TAZe
terminal time refers to the time that the traveler takdésawe the origin before
going tothe first node

15.destination_terminal_time: The terminal time ifimuteg at the destination TAZ
(e.g., from the roadway to a restaurant).

16.departure_timestamp: The exact departure timestamp (generated using the
randomization algorithm)Please note this can fall outside the departure period
due to the trip chain constraints (we talked about that before).

17.trip_traversed_nodes_id(semicolon): The list of all the nodes (semicolon as
delineator) that are traversed in the order of travel.

18.traversed_Timestamps(semicolon): The list of the timestamps when each node is
traversed thatorrespond$o the node list (in the same sequen&@@micolon as
delineator agaiig31).
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When the destination terminal time and origin terminal time are added together, the time
at which the trip traverses the first node baound in the traversed timestamp field.
Since the timestamp when tsigross each node is known, trip progression through the

network can be establishégil).

5.3.5 Node Matching

To prepare the data for inclusion within an Origdestination matrix within
VISSIM®, it was necessary to matabdes from two disparatestworks. Originally, the
VISSIM® microsimulation modelvas built using topology from a 75K likBM Travel
Demand Model provided by the Atlanta Regional Commission. As the models were
being built, the Atlanta Regional Commission discarded their original 75K link model for
an updated ABM 2020 model that had 150K links. Since the origiS8IM®
simulation was built utilizing node and link definitions from the original 75K model, a
matching network reconciliation process was needed to match nodes between both
models. Unfortunately, the A and B coordinatesniost ofthe nodes and links changed
due to the modelpdate. Additionally, the 150K model offered improved visualization
and greater geometric consisteme terms of roadway geometry. The initial effort
involved finding the distance betwegX, Y) coordinates with the assumption that nodes
could be matched in situations where dxdy<10 feet. As this matching strategy was used,
there were many instances where the matching criteria provided false matches since the
difference in curvature between theaek was significant. The model geometry for the
150K model was far superior to the 75K link moaehjich utilized morestraightline
links to characterize the roadway network and road curvature. Thetefanatich nodes

between the models, the 75K links and nodes were added as active layers withirPArcGIS
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and overlaid with the 150K model. Node matching was performed for all internal and
external boundary points through manual examination and the use of Google maps and
raster imagesThe X Y coordinates were estimated by zooming into the end of model
links at the greatest extent within ArcGIS 10.7The differences in geometry were
significant between the 75K and 150K models, howeverntkenal and external

boundary entry and exit nodes fraach network were matcheBython script washen
written o search for trips that crossed those boundary nodes. In identifying the time that
trips entered and exited the netwatkeach noderigin-Destination matricesere

developed within th&ISSIM® microsimulationat the appropriate temporal resolutimi

five minutes

5.4 Data Transformation Processi ABM Data

A data transformation process was conducted prieath othe ABM Travel
Demand Model runs. This work was donellryy Hongyu Lu, who serves as a senior
PhDresearcheunder the direction ddr. Randall GuenslerThe descriptions of the data
transformation processamely, the trip departure timestamp generatcgsummarized

based upon discussiotisat were conducted witdr. Hongyu Lu.

As described in the GRAMP® model component of th&BM Travel Demand
Model, each trip predicted BYBM within a halthour bin. The goal is to assign a
departure time on a omainute basis. Thpredicted trip information includes the trip
departure time by period at haf-hour intervalsas well as travel timer{inutes), travel
distance (niles), origin terminal time (the time it takes for the individual erttegs

network (inuteg, destination terminal time (the time it takes for the individual to leave
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the roadway network until the individual arrivaisthe destination, in minutesd trip
purpose For this work, we are only concerned with commuting trips from home to work
from5A.M.-11 A.M. The departure time distribution shouldrbedelledseparately by

trip purpose and time of daypeparture timefollow a distribution across the time of day

due to a patterned travel demand, particularly during the morning peak hours.

To generate a trip departure timestamihabne minutelevel, the probability
density function of trip departure times by travel purpose by adopting natural cubic spline
interpolations.A randomization algorithm was used to generate a trip departure
timestamp at theneminutelevel. Trips are generated and allocated to trip chains
(tours) in theABM output, where the departure of next trip cannot precede the original
trip, and the trip chain constraints were accounted by making sure that trips within the
same chains occur in correct sequences. Everintdprip chain isconstrained in two
ways (forward and backward): a new trip cannot start until the last trip is finished (a trip
is finished at the timestamp that equals to the departure timestamp plus its travel time),
which sets the early bound of the departure times{@nward checking), and a trip
must finish before a particular timestamp so that the next trip can start at its allocated
period (halfan-hour slot), which sets the late bound of the departure timestamp
(backward checking). All trip chains veeexamined to generate the early bounds and
late bounds for each trip, and every trip was confined to departure only in the legitimate

period between the early and late bounds.

The trip departure timestamp randomizat®hased on the trip departure period
and withinthe constraints of trip chains. Two iterations were performed for every trip

chain to generate the early bounds and late bounds for all trips, respectively. The forward
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checking generates the early bounds in a sequence from the first trip to the last trip in a
chain (from trip 1 to trip n), as shown in0j1and the backward checking generates the
late bounds in a sequence from the last trip to the first trip in a chain (from trip n to trip

1), as shown inlg).

. ’L?‘)nY !Q p
© veenvios o 0 o croisr 10
) ife 0 ¢
W soms o MO @ coisR @Y

where Q% is the early bound for trif06 is the late bound for trif20 "¥s the start
timestamp for the departure period of {€§e.g., 8:00A.M. if the departure period is 8:00
A.M. to 8:30A.M.), 0O is the end timestamp for the departure period of trip (e.g., 8:30
A.M. if the departure period is 8:0M. to 8:30A.M.), ando is the travel time of trip

0. The exact departure timestamsghengenerated using the randomization algorithm
The summation of the destination terminal time andripeorigin terminal time denote

the time at which the vehicle traverses the first node.
5.5 Summary of Model Development within ArcGIS®

Chapters focusel on the setup of thaBM Travel Demand Models within an
ArcGIS 10.7.1 framework, the establishment and development of internal and external
model boundaries, the model building process, and brief discussions on data collection,
generation, and transformatioBection5.2 explained that the Activity Based Travel
Demand Model is based upon the-RRAMP® model, which simulatesavel decisions

for discrete households and intra household interactions across a range of activity and
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travel dimensions. Sectidn2.1 described the five primary components of the CT

RAMP® model, namely the synthetic population, long term choice models, daily activity
patterns, tour mode and trip modeection5.2.3 elaborat@upon the importance of the
Mandatory Activity Location Choice Model which assigns a workplace TAZ for every
employed person who has aat-of-homeworkplace location. Home to work tripgere
viewed as mandatory activities. This multinomial logit destination choice model is
descriled by the following explanatory variables, namely, cost of travel, distance,
household income, work status, area type, retail accessibility, and density of the urban
area (both home and workplace). WHhiteameto-work trips are allowed to have
intermediate stops within the ABM travel demand model if needed/I$®IM®
microsimulation is not designed to account for additional dwell times during trip
chaining. A brief explanation of the Tour Time of Day Choice Model is provided in
Section5.2.5. This model estimates the combinations of tour departure and arrival times
as a function of household and personal characteristics and the network level of service.
Section5.2.6 elaborated upon some limitations of the Actiigsed Model, where the

cost, hiring of staff, and the need for better data resolution without having to employ the
use of probability density functions to generate an acceptable departure time estimation.
Trip based models may be easieuse buimaynot incorporate various activity patterns

into their estimate of trip assignment. Theray beconcernswith the abilityof activity-
basednodels to adapb activities thatare scheduled in advance amken activity

patterns change drastically, aslhe @se of the COVID 19 pandemidhe model

boundary development process was briefly described in Séc8@and was based upon

the desire to capture routes that may carry traffic that enters or existtaged lane
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By allowing for more spatially separated trip origins and destinationsighout the

network a more comprehensive assessment can be made about any induced changes in
total travel time. Th description of data types used were provided in Sebiihn along

with illustratedexamples from Ridgewalk Parkway aNdrthside Dive, as well as a

depiction of the Model Layout within ArcGFS Sectiorb.3.4 described challenges
associated with the data collection process, naradiyressing theemporal data

resoltion of 30 minutes and the need to generate a departure time timestamp to analyze
trip progression throughout the network from the origin node to the destination node.
Section5.3.5 defined the Node matching process needed to match nodes between the
75K and 150K linkABM Travel Demand Models. The assumption that dxdy<10 ft

would seve as arappropriate matching criteriomas notvalid due to the significant
differences in roadway geometries between both modeistly, Sectiorb.4 provided

the processsed to transforrABM data to generate a departure timestamp for all trips in
the model abneminutelevels of resolution. Probability density functions of trip

departure time were generatggingcubic spline interpolations. The forward and

backward checking processes were described, showing how early and late bounds are
generated for each trip within the randomization algorithm. Ch&mencludes with a
summary of the model development process within the ArcGIS 10.7.1 envirgnment
while Chapter6 describs the model development process used to build and simulate
traffic data withinvVISSIM® after implementation of the Northwest Corridor managed

lane.
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CHAPTER 6. VISSIM® MODEL DEVELOPMENT

6.1 VISSIM® Model Overview

VISSIM® is amicrosimulation tool whicmodek individual trips in the traffic stream
from definedtrip origins andtrip destinatios for large networksVISSIM® simulations
for both the pre and post implementation scenarios (with and without the Ndrthwes
Corridormanaged lanjevere evaluatetbr weekdayA.M. peak hour traffic conditions.
The required roadway linksonnectors, and other geometric elemergse redrawn on
top of the aerial photographydditionally, field visits to study locations were
performed to ensure compatibility with the aerial mappgind network layout within
VISSIM®. The model building processithin VISSIM® includesthe description and
usage of geometric elementspdel layoutand the process of developing the origin
desination matricesreexplaired in Sectior6.2. VISSIM® allows for the development
of an OriginDestinationMatrix, which ingest$ive-minutevolumedatatakenfrom
ARCOs Act iTrafiictDgmaridasdeld modeltrip volumesthroughout the
network Theorigin-destinatiommatrices include volume data, namely, the number of
trips traveling from each origimd destination betweeénA.M. 1 11 A.M. Once the
matrices have been developed for efadminutebin within VISSIM®, the behavioral,
dynamic assignment, lane changing, cost function, and car following parameters are
established prior to the simulation runs. The mathematical foundations underlying the
Travel Cost Function and Car Following models witlfiSSIM® arediscussed in
Section6.3. The developed network model withMISSIM® containsl62 intersections,

237 parking lot locations (whichontain 118 origirand datination zones), and more than
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7838uniquelinks which comprisethe 29.7-mile Northwest Corridomanaged lane
Interstatearteriak, and local roads surroundinige Northwest Corridomanaged lane
along 75 and 4575. VISSIM® was used to simulate theffic flow through the
network to address the following research questions explicated within this study:

1 To analyze how location differences and potential arterial travel time differences
resulting fromnew dedicated access points to and from the Expressnaye
impactthemodelledroute choiceand total travel timéom trip origin to trip
destinatiorbefore andafter the implementation of the Northwest Corridor
managed lane

f Toexplain howthe data output from tRélSSIM® traffic simulationaddresses

how new dedicated access points (left entry and exit points from the Express
Lane)can be incorporated infaturetolling models.

To estimae whether the implementation of the Northwest Corrish@naged lanenpacs
modelledroute choicethe vehicle travel times in both the pre and peshaged lane
VISSIM® simulation moded arecompared aftetoll penalties of $0, $.20, $.50, and $1.00
per mileare appliecalongmanaged lanknks. A total of eight postanaged laneodel
runs (onemodel runfor each toll rategrecreatedor boththe5 A.M. - 8 A.M. and8
A.M.-11 A.M. time periocs. The travel times from the postanaged lanemodel runsare
compared tahe twopre implementation model runs (without tm@naged landor the
same time periods to assess any change®delledroute choice Section5.3discuses
the mathematical foundations underpinnihg Car Following Model,.ane Changing
Model, andaddresssthe assumptions surrounding parameter selestior traveler
behavior,and lane changingSection6.4 provides an overview of the dynamic
assignment process, while Secth descibes the data collectioand data

transformation
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6.2 Model Building i VISSIM®

There are severalements used in the building of tESSIM® microsimulation
model includingLinks, Connectors, Nodes, Parking Ldigta Collection pointgeduced
speed areasnd intersectionsEach elemen definedbriefly here in the context of their

usage withirVISSIM®.

6.2.1 Links and Connectsr

Links carry traffic within thevISSIM® mode| while connectors must be attadhe
to links at either end to be added to the netwdrkFigure 11 the two highlighted
sections near thiatersection of Canton Road (NB/SB) and Piedmont Road (EB/WB)
represent linksThere is a small section between links that represennnector, which
connectinks to one anotherConnectordie links together whetraffic merges, splits, or

crosseg32).

Figure 11: Links and Connectors
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B Link ? e

Mo.: 1354 MName:

Mum. of lanes: 212 Behavicr type: | 1: Urban (motorized) o

Link length: 002,668 ft Display type: | 1: Surface (128, 128, 128) o
Lewvel: 1: default ~

[] Use as pedestrian area

Lanes  Meso Display Others

Count; 2| Index Width BlockedVel DisplayTyp MolnChlLAl MelnChRA NolnChLYy MoLnChRY
1 1 12.00
2 2 12.00

[] Has overtaking lane

Figure 12: Links

Links contain a significant amount of information, however the link number, number of
lanes, link length, lane width, and behaviour typesai@vn inFigure 12 Display type

and level are default parameters that control how the links are visually displEyect

are options under the tab entitled Meso to set whetheypleeof speed model to be used,
which would be vehicle based given the objectives of this stlitig. display tab allows

for the opportunity to establish settings for rathdg in a 3D emironment, while the

others tab containsvaluation parameters, any cost or surcharges associated with using

this link and settings for look ahead distance. These parameters are defined specifically
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in the evaluation, dynamic assignment, and lane changing para®egiegs for the

model Figure 13provides information about the connector including behaviour type,

display type, notation about the link numbers and positions being connected, the number

of lanes, connector length, spline or curvature of connector, and route parameters that are

defined within the lane changing parameters of the model. The lane change, meso,

display, dynamic assignment, and other tabs are the same as referencd@2bove

ﬂ- Connector ? X

No.: 13240 Name:

Behavier typet | 1: Urban (motorized) ~
Display type: 1: Surface (128, 128, 128) ~

from link: to link:
No.: 47200046 No.: 1354
At 1540.631 ft At 2320 fi

Lane 1 Lane 1
Lane 2 Lane 2

Length: 81.483 ft

Spline:

[[] Has overtaking lane

‘EMeso Display Dyn. Assignment Cthers

Count: 2| Index BlockedVeh DisplayType MolnChLA MolnChRA MNelnChLVe MNelnChRV
1 1
2 2
Reute Desired Direction
Emergency Stop: ft  Before [OFA
Lane change: 1500.0 ft  Before [] perlane (O Right
O Left

Figure 13: Connector Information
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6.2.2 Nodes

Nodes(square rectangular boxemegenerdly used to evaluate intersections,
namely the amount of traffic entering or exiting an intersection during the tjnen
periods of analysis.As shown belown Figure 14 a node boundary is depicted as a
square box that encapsulates all turning movements at an inters@&tbides are also

placed at the ends of every entry and exit point iMiI&SIM® where vehicles enter and

exit the mode(32).

Figure 14: Node Information at Cobb Place Boulevard and Barrett Lakes
Boulevard

Figure 14provides a typical node setup at the middle of the intersection to capture how
many vehicles are entering and exgtithe intersection during the M. peakhour time
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periods. Figure 15belowdepics node placement at the origin and destination points
from internal and external boundary locations, and at merging and divergingiptonts
the model to capture the number of vehicles entering and ettigngetwork Internal
boundary pointgenerdl refer to entering and exiting traffic from intersections, while
external boundary points relate to traffic that enters from the edges of the network, as
shown below where traffic enters and exits the model aloitgih the proximity of the

intersectiorof Cowan Road and Baker Road, located just soutkv6éf |

Figure 15: Node Placement at Entry and Exit points
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6.2.3 Parking Lots

Parking los are used to model the origin andstieation points of vehicles within
dynamic assignmenf(The starting and ending pas of vehicles lien parkinglots, which
are conneted by zone connector®/ISSIM® distinguishes between traffic exiting
through adestinatiorzone, and traffic that originates within the zone (origilong with
timestamp for time of entry and time of exit from the modébr this study, each parking
lot is assigned t@neuniqueorigin or destinatiorzore. Traffic entering and exiting the
origin zone and destination zone are used to construct OD pairs, which defire the
matrix used to simulate traffic flow through tW&SSIM® model(32). Parking lots are
represented by the smalliel boxes irFigure 16 while Figure 17displays the Parking lot

data,

Figure 16: Parking Lots
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i
No.: Name: |

Link: 372 Cowe ~ Type: (8 Zone Connecter

Length: 19.685 ft (O Abstract parking lot
At 15231 f (C) Real parking spaces

Show label

Dyn. Assignment  Parking Spaces  Sel. parameters

Rel. flow: Zone: 126 RaRE
Capacity: 100) Veh Group: 0
Routing decision distance: 164.04 ft
Initial cccupancy: 0] Veh Compoesition: 1: Arterial Traffic
Default Desired Speed: 25: Artenal ~
Count: 1) VehClass DesSpeedDistr
1(1: SOV 25: Arterial

Figure 17: Parking Lot Data

Parking lots provide a significant amount of informatiooluding theparking lot

number, the representative link, position of the parking lot placement, the relative flow,
zone designation, and default speed of the link by road classific®eative flows

refer to the percentage of traffic flow being contributed from a particular link. In this
case, the relative flow for traffieolumeentering thenodel would beoneon link 372

while the link exiting the/ISSIM® model wouldsimply have a relative éiw of 0. The

sum of all relative volumes entering or exiting a link at an origin or destination point
would beone The default desired speed is set to 25 mph, adinkitocation is

represergdan arterial road.
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6.2.4 Data Collection Points

Data Collection pointare used to collec¢taffic volumes in each larendare
placed just downstream of parking lots to capture traffic entering and etkigngetwork.
They are represented as 0 b [Eaclhvdata tolleatiens 6 o0 n
point references a specific lane number which is indexed Hintheumber(32). For
instancelink 1379below has two lanes where the lane numbesferenced as 137Bor
13792, with daa collection pointgbrown lines per land)eing placegust downstream

of the parkng lot, as shown below iRigure 18.

Data Collection Points
Select layout... .l }' x \\-b‘ %lv Ef : <Single List> - E@ a B B EF&
Coun Mo | Mame Lane Pos

76 1018 1379 -1 79.606

76 1017 2762 -1 101.741
76| 1018 2763 -1 307.502

Figure 18 Data Collection Points

The rationale for placing data collection poiftisown lines in each lan@)st

downstreanof the parking lot@&ccounts fothe trips entering and exiting the model from
each zone would be quantified since there are no diverging or converging links along the
link that would complicate the traffic assignment process. Data collection points can be
placed anywhere in a microsination model, but it was important to place them in

location near to the parking lots where traffic originates and exits.
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6.2.5 Reduced Speed Areas

Reduced speed areas are used to temporarily reduce the speed of a vehicle without
changing their desired speed distributions in areas with significant curvature. The most
common usage of reduced speeeads foundat left and right turns within an
intersection and onramps aoff-ramps It is important to place reduced speed areas in

places where vehicles naturally slow do{82).

6.2.6 Intersectios

TheVISSIM® microsimulation model contairi62 signalized intersections€Each
intersection is comprised of detectors, signal controllers, and signal heads. Ring Barrier
Controllers are used to setup the signal control and are simulated within the Riodgel.
Barrier Controllers typically haveightphases antbur signal timing stages (phase
groups). Signalimings for each intersection were provided by the traffic divisions of the
City of Marietta, Cobb County, and Cherokee Couriyror! Reference source not f
ound. providesdetector information from the intersection of Cobb Parkway and Barrett
Parkway where @tectorsare modelled asetwork objects which amssigned ta
specific signal controllerEach etectorscontainsa port number, signal controller
number, detector type and length, and link number and lodati@mgnal controller
99477813, which represents the intersection of Cobb Parkway and Barrett Parkway
Message impulses are sent from the signal controller as soon as the front of the vehicle
reaches a detectand wherthe tail of the vehicle leaves the deted®&). Signal
Controllers are used to specsignal heads and signal groups as shbelowin Figure

20.

149



Zi SN X

B Detector ? X

Port no.: Name:
Length % sc. [osa77813 v

.......... Ll Type: | Standard ~

Location  Activation Others

Link: 1018

Lo

Before stop:

,,,,,,,,, I — S

Figure 19: Detector Information: Cobb Parkway and Barrett Parkway

file View Help Notes | | Frequency 1 ~
& [JPatem 5 |[Basie ] ~
£ ptem =TT 2314 s s[5 e
@ [JPatem 8 3G Name
[APatiem Schedule Min Green 5 |15 5 5 5 | 15| 5 5
%gz:;:;zs Veh Extension 33|33 3]s [3]3s
@ FOveriaps Max 1 43 | 37 |55 | 55 | 43 | 40 | 55 |55
BDEE‘Z:’: Yelow 3 |5 |3 |as| 3|5 |3 |as
B @ID:iedurNumhe( Red Clearance 3 | 2|33 |3 |2]3]3
%Ej:d Ped 5G Number
[ Cany Over "= : 4 ¢ :
[Queue Limit Ped Clear (FDW) 27 EY 27 EY
%E:Tm;";m Start Up Oo/o/oo oo ooo oo o ojog o
= Min Recal Oo|/o|gojg|o/ojgo|jgo|/ojg|jo|o/ojo|go; o
[ Yellow Lock Max Recall Oo/o/oo oo ooo oo o ojog o
%g:“mf‘s"ﬁs Ped Recal Oo|/o|gojg|o/ojgo|jgo|/ojg|jo|o/ojo|go; o
[AAXSwitch SGs Soft Recal Oo/o/oo oo ooo oo o ojog o
@ [JPedestian NSE Max Recal o|jo/og/goooojg oo ojojag|jo|o
mgf“e“a.j v Dual Entry Oo/o/ooooo/oo oo o ojojg o
Pattern 1
CycleLength 211 Patternl |
Global Values Sional Goun- |1 2 1 4 5 & 7 8 | v

Figure 20: Signal Controller Information: Cobb Parkway and Barrett Parkway
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Pattern 1

Signal Group: 1 2 3 4 5 6 7 8

b Splts 4 | 60 | 60 | 49 | 42 | 60 | ®O

Splits Extension

Floating Green

Pem Min Green

Min Green

Atemate Max

Veh Exension

Transtion Min

Transition Max 5 | 80 (72 | 72 |58 |80 | T2 | T2

Farce Off

Pemissive Start

Pemissive End

Max 2 o oo oo oooooogogog ool
Max 3 O oo oo gooooogogogoglg
Floating Force Off O oo ooo0oooooogoogolg
Coordnated O« 0o gy ooooogogogoglg

Figure 21: Signal Timing for Cobb Parkway and Barrett Parkway

Without getting intahe intricacief signal grouping and phasing, thignalsplits are
calculated as the summation of green+yellow+ red clearance time for each signal group.
As shown inFigure 21 there is coordination Ib&een signal groupsvo andsix with a

cycle length equaling 211 seconds for thigrsection This intersection carries a

significant amount of traffic with a significant amount of trip generation to office

buildings, Kennesaw State University, and local businesses.

6.2.7 Network LayoulISSIM® Microsimulation Model

The network layout of th€1ISSIM® Microsimulation Model is shown below in
Figure 22 It consists 07838 unique links162 intersections, 23Parking Lots, 48
Nodes (located dhemiddle of intersectiomand at entry and exit pointgnd29.7miles

of managed lanaetwork.
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Figure 22: VISSIM ® Microsimulation Network

The network consistsf over400 milesof arterial roadways, which are used to connect to
theInterstatdfreeway systemThe arterial network contairi$2 intersections, somef

which are closely spaced. The inability to dynamically change signal cycle lengths as
demand fluctuates during the heaviest peak hour traffic is a limitation of the study that

mirrors thereatlife challenges of the local governing jurisdictions.
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6.3 Model Building within VISSIM ® - Mathematical Foundations

VISSIM® functions as a microscopic flow simulator which cordarathematical
models used to run the traffic flow modelBhe focus of this discussiason the Travel
Cost Function and the Car Following Models used to simulate traffictfirough a
networkconsisting of intersections, arterials, roadway networks, freeways, and arterial
roads. Traffic is definedusingorigin-destination matricesvhere parking lots are used to
model the origins and destinations of vehicle trigehicles are generatatbchastically
at parking lotswithin specific zoneswhich serve as origin and destination points in the
model. Traffic flows are defined individuallyrfonultiple time periods fofive-minute
increments within OrigirDestination matriceBom 5 A.M.-11 A.M., resultingin

seventytwo separate matricder the sixhourperiodof analysis

Within VISSIM®, the number of departur@seachtime interval [0,t] follows a
Poi sson di st r i bwhichrepresentthettime gagexdetween tveot
successive vehiclegvhichfollows anexponential distr b ut i on wi t hamean
measured in veh/hour. The probability of a time gap x between two successively
generated vehiclescanbe mp ut e d b y'®*fThexe,maysb} sitzatiopsavhere the

travel demand exceeds capacity on the link, especially during the Adiesieak hour

time periodg32).

6.3.1 Car Following ModelWeidemann 74

VISSIM® adopts a psychphysical car following model developed by Weidemann,
which is represented as a discrete, stochastic, and microscopic model where the driver
and vehicle arenodelledas one unit.The car following modetonsiderghe behavioral
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differences of each driver since eath i vakility@osinderstandpeed differences is
contingent on physiological attributes such as age, driving experience, risk aversion, and
other behavioral aspedt32). Psychephysical models are predicated on the concept that
drivers carunderstandlifferences in speed as they foll®&hind a leading vehicle

through changes on the visual angléne size of the leading vehicle changes as the
following vehiclereduces the headway between vehickden the optimaspeed based

on the visual angle is lower than followirge h i cutremtspeed, the following vehicle
should brake to avoid collisiorMotoristsmay seek to minimize brakirgpnstantlyin

stop and go traffic and follow at a safe distance behind the leading vehicle to maintain a
smoother, more relaxed driving experief@82). The stateof a vehicle refers to the

distance and speed between the following and leading vehicle, meaning that as changes
occur in those two quantitieser time wheredrivers adaptheir driving namely their

rate of acceleration and deceleratidrhe Weidemann Car Following Modelssume

that car following behaviosicanbe groupednto four different stateasexpresed in

Error! Reference source not found, namely:

1 Free Driving StateThere is no reaction from the driving behavior of the leading
vehicle. The driver of the following vehicle seeks to maintain their desired speed.

1 Approaching Statefhe driver of the followng vehicle decelerates and resato
the speed of the leading vehicle, seeking to minimize the difference in speed
between the leading and following vehicles.

1 Following StateThe following vehicle follows the following vehicle without
actively being conscious of their acceleration or deceleration behaviour, thus
keeping a reasonable safety distance behind the leading vehicle. This reflects a
stimulusresponse behaviolike a driverwho displays an unconscious reaction

the speed difference between vehicles. This behaviour is expected during
congested driving conditions.
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1 Braking State:The following vehicle decelerates in response to lane changing
from an adjacent lane or braking of the leading vehicle.

A
AX front to rear distance

perception
no reaction threshold
// SDV
CLDV
ey
_~<_ unconscious
OI%\V reaction reaction
BX
s

difference of velocity /A\\/

<— increasing distance decreasing distance —»

Figure 23: Weidemann Psychosocial Physical Car Following Modg€B3)
According to Weidemann and Reit&3], driver specific abilities to recognize speed
differences and individual risk behavior anedelledby adding random values toata
parameteasshown below(33):

1 AX = Desired distance between the fronts of successive vehicles in a standing
queue

1 ABX = Desired minimum following distangsafety distance)which is a
function of AX, a safety delta distance, BX, and the speed, where
ABX=AX+BX*V, where V=speed (mph)

1 SDV = Action point where a driver consciously observes that they are
approaching a leading vehicle traveling at a slower speed. ilgiDdases with
speed differences &V.

155



1 OPDV = Action point where the following driver realizes that they are traveling
at a slower speed than the leading vehicle and makes the decision to accelerate

1 SDX = The perception threshold to model the maximum following distance.
Perception thresholds reflect the abilitfyindividual drivers to estimate speed
differences and evemwillingness to engage in less risky or more ridkying
behavior. Car following behavior kias from one driver to anothg33)

There are two primary car following models ug@dzfor this study, namely the
Wiedemann 74 and Wiedemann 99 fdlowing models. Tie Wiedemann 74 car
following model was used in urban areas, which are characterizgdratized
intersections, lower speeds along arterial corridamg a significant amount of traffic
which merges onto arterial roadways from on and off ra{@ps The Wiedemann 99
model was used in freeway sections alofi® | 575, and 4285 where speeds are
significantly higher,and nergingtraffic is minimized Three specific model parameters
are used to definde Wiedemann 74 model namely, average standstill distahditiva

part of safety distancand multiplicative part of safetistance as shown irror! R

eference source not foundbelow:

Table 11. Parameters for Weidemann 74 Car Following Mode(33)

Parameters |Description

Average fax): Defines the average desired distance between two cars. The tolerance
standstill dis-|lies between =1.0 m and +1.0 m which is normally distributed at around 0.0
tance m, with a standard deviation of 0.3 m. Default value 2.0.

Additive part | bz, ) Value used for the computation of the desired safety distance 4.
of safety dis- | Allows to adjust the time reguirement values. Default 2.0

tance

Multiplicative | (fx,,,,): Value used for the computation of the desired safety distance o
part of Allows to adjust the time reguirement values. Greater value = greater dis-
safety dis- |tribution (standard deviation) of safety distance Default 3.0

tance

The standstill distance refers to the distance between two vehicles in a stopped queue,

while the safety distance entails the safe following distance between two vehicles that are
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moving within a traffic stream. WithiWISSIM®, the summation of the standstill
distance and safetiistancedefines the desired spacing between two vehicles within a

traffic stream as shown below:

d = ABX =AX + BX whereAXis theaveragestandstill distance (12)

BX = BXadd+ BXmut* z * & V (13)

WhereBX= averagesafety distancez=normal distribution(0, 1) andV=speed (mph)

In the case of the Wiedemann 74 model, the desired vehicle spacing would falltingthin
interval( A B X ©SDX)Jwhéreonly the boundaries of desired vehicle spacing interval
(ABX & SDX) would determine the steaetate characteristics of tMeSSIM® car
following model. It was achieved through the derivation of spled relationships for

the congested regin{@82, 33)

Rakha andGao (2008) developed abridged version of the derivation and calibration of

the Weidemann 74 car following mel (32, 33) For the sake of simplicity, an

assumption is made by the authors that steady state conditions prevail, where the lead

vehicle is traveling at a similar speed to the following vehicle and both vehicles have

similar car following behavior such tha{° dgesies a0, Where dis the spacing

between the lead vehicle (vehicldn) and f ol |l owi ng wwestecl e (ve
relative speed between the lead and following vehiglei(wn). The average r i ver 0s
behavior is being analyzed under stochastic condi{f®2s33) The derivation begins

with the assumption that relative speed between the leading and follestirgesare

approximately zero, thughe desired vehicle spacing interval would be governed by the
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values of ABX, which represents the desired minimum following distance, and SDX

which represents the perception threshold to model the maximum following distemce.
short, Wiedemann defines different thresholds and regimes including the desired distance
(AX), the desired minimum following distane¢ low speed differenc€sBX), the

maximum following distance (SDXyhich ranges from 1:2.5 times the minimum

following distancelength of leading vehicle jjsvariables with add or mult refer to
additiveand multiplicative calibration factorRNDI, is a normally distributed driver
dependent parameter, NRND is a normally distributed random driver nuthier,

perception threshold (SDVand the decreasing and increasing speed differéGt&yV,

OPDV). Rakha and Gao (2008) begin the derivation oMledemanrv4 car following

model by estimatinghevalues of AX, ABX, and SDX as shown bel@82, 33)

AX = Ln1+ AXadd + AXmUIt*RNDI,), (14)

which represents desired distance between stationary vehicles, wheegeks to the

length of the leading vehicle.

ABX = AX + BX, where BX = (BXadd+BXmulti*RND}) * a v , (15)

where v refers to vehicle speed.

SDX = AX+EX*BX, where EX=EXadd + EXmult(NRNBRND2)),  (16)

where SDX represents the maximum following distance.
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Note that BX and EX are random variables whiagh@mputed.The point where the
driver realizes that they are approaching another vehicle is denoted as the approaching

point, SDV where

e

SDV= —— with CX=CXconst*(CXadd+CXmult*(RNDA +RND2,)), (17)

where CXconst, CXadd, and CXmult are calibration parameters.

Since the decreasing speed differences CLDV approximate\d&8IM® sets CLDV as
simply equal to SDV. The next threshold, increasing speed difference, OPDV, refers to
the point at which the driver observes that they are traveling at a lower speed than the

leading vehiclethusincreasing the distance between the leading and following vehicles.

OPDV = CLDV*(-OPDVaddOPDVmult*NRND), (18)

where OPDVadd and OPDV mult are calibration factors, while NRND is a normally

distributeddriver numbei(32, 33)

6.3.1.1 Following Regime

The thresholds described above are built with the assumption the vehicle
acceleration is alwaysreon-zeroquantity, which is indicative of &llowing regime
When a veltle passes into the following regime, passing througIise or ABX, it is
assigned an acceleration raté Bfui to represent a slowing following vehicle and when
the OPDV or SDX thresholds are passed, the assigned acceleration v8hich

represents a situation where the following vehicle is accelerating.
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Therefore, the acceleration or deceleration rate, Bnull is defined as the following:

Bnun = BNULLmuIt*(RND4n+NRND), (19)

where BuuLLmur IS a calibration parameter, RNpeepresents a normally distributed
driving parameter, and NRND refers to a normally distributed random driver ng@er

33).

6.3.1.2 Free Driving Regime

When a drivecanaccelerate to reach their desired speed, they are relatively
uninfluenced by the surrounding traffic. Drivers may feel a sense of euphoria to travel as
fast as they desireOnce the desired speed is achieved, acceleration rates of gither B
-Bhui are assigned to moddlhe maximum acceleration for passenger cars in a free

driving state Bmaxis defined as

Bmax = BMAXmult*(vmaxVv*FAKTORYV) (20)

FaktolV = , (21)

where Vmax and VDES are maximum and desired speed, and FaktorV represents a

calibration parametdB2, 33)

6.3.1.3 Approaching Regime

This behavior is characterized by the followniniver perceiving that they are
behind a slowr moving vehick and need to gradually decre#isgir speed.The time it

takes tanitially observea potentidly dangerous situatiomariesfrom driver to driver and
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cannot truly be known given some drivers are more risk averse than othess.

situation does not indicate an emergency braking situation where the driver must apply
the brakes immediately to avoid a collision, but they must react by decreasing their
approaching speed and maintain a higher gap between vehicles than the minimum

following distance ABX. The acceleration of the following vehicle B referenced

below:
Bo=-2 - 8 (22)
whereBandBhih s t he accel eration of the foll owin

represents the difference in speed between the leading and following vehicles, ABX
refers to minimum following distance, @&x r

vehicles, and k.1 refers to the length of the leading vehicle.

6.3.1.4 Braking Regime

The braking regime is instituted in situations where the following vehicle must
brake suddenly and proactively to avoid a collisioti the leading vehicleThis occurs
when the desired minimum following distarfedls below the minimum accepted
threshold for ABX. If the driver of the following vehicle begins the braking process too
late, a collision may be unavoidable. The deceleraBaio avoid a collision with the

leading vehicle is shown below:

e
<

Bhn=-2 ——M 0 + Bmir —— (23)

Bmin =-BMINadd BMINmult*RND3+BMINmMult*w (24)
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where ABX=desired minimum following distance, BX=average safety distance, and
Bmin refers to the maximum deceleration raBINadd and BMINmult are calibration

parameters, while RND3n is a normally distributed driving paranj@®i33)

The mathematical formulatiorier the calibratiorof the Weidemanii4 Car Following

model would entail a tremendous amount of additional derivation and complex
mathematics beyond the scope of this dissertafiam.the sake of brevity, finalized

model formulations for both the Weidemann 74 and Weidemann 99 car following models

have been provided by

Gao(34), whocompared calibration procedures for five car following models including
VISSIM®, CORSIM®, Paramic8, AIMSUN2®, and INTEGRATION®. Table12

provides the finalized modl formulationgor eachcar following model.
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Table 12 Car Following Models (34)

Software Muodel Formulation
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As shownin Table 2, both Wiedmann 99 and Wiedemannca followingmodels are
concerned with estimating the speed of vehicles under different driving states. Drivers
react to changes in speed and spacing, particularly the following vehicle. As shown
above in the Weidemann 74 mode(t)sand gt) refer to the vehicle spacing between the
leading and following vehicles, and the spacing for vehittggped in a queue,
respectivelywhile BX refers to minimum following distance between the leading and
following vehicles(34). The derived mathematicakpres®ns are related to three

primary parameters in the model, namely, the average standstill distance, additive part of
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safety distance, and the multiplicative part of safety distance for any of the driving states,
whet her | eading or following vehicles are
approaching regime. This psychosocial model shows how the acceieaad

deceleration behavior of the vehigever unit changes as different driving regimes are
crossed for lower speed conditions for urban driyB¥). Section6.3.2introduces the
Weidemann 99 car following model which defines different model pasam&t model

freeway andnterstateraffic, which travels at significantly higher speeds.

6.3.2 Weidemann 99 Car Following Model

The Weidemann 99 Car Followimgychosociaimodel reflects a significant update to the
Weidemann 74 Car Following model through the addition of ten driver behavioral
parameter¢CCO-CC9)which are used to simulatiee qualitative vehicle following
behaviour of a drivewithin a freeway environmemts shown irFigures 28 and29.
Specifically, the Weidemann 99 car following model calculates two vehicle speeds, the
first of which is based on vehicle acceleration, and the other based uporathesséte
carfollowing model. The model considers a vehicle kinematics model with a linear
speedacceleration relationship, where CC8, the maximum vehicle acceleration at a speed
of 0 km/hr, and CC9, the maximum acceleration at a speed of 80km/hr, ate used
computevehicle speed based upon the vehicle acceleration restrjottbile CCO, the
standstill distance, is used to calculate another vehicle speed based on steady state
conditions. The functional form of the Weidema®® car followingmodel is shown

below (34):

: (25)

&
o
N
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6 y aQiomz — B (26)

Where6 y refers to following O elsfolovimy speed at

vehicle speed at time t, CCO is average standstill distance, CC9 is desired acceleration at
80.45 km/hr, CC8 is desired acceleration from standstill positierisithe length of the

leading vehicleand uis the free flow spee(B4).

6.3.2.1 Following Parameters

The minimum of the two speeds is taken, where obassd on acteration restrictions
and the other based on a steady state car following model. While CCO represents the
average standstill distance as vehicles are stopped, it can also be calculated as the spacing
at jam density minus the average vehicle length of the (leading and following vehicles).
The Weideman®9 car folbwing model containparameters and perceptual thresholds
Parameters include look back distance, look ahead distance, temporary lack of attention,
smooth closeupehaviour standstill distanceof static obstacles, and CQIC9
calibration parameter®Brief descriptions of these parameterssirewn inError! R
eference source not foundandError! Reference source not found.
1 The Look ahead distance defines the distance a vehicle can see aheatbof it in
react to vehicles in its proximity, either in front or on the side in an adjacent lane.
1 Look back distancparameters determine the maximum and minimum distances
that a driver can see backwards within the sametdimkact to other vehicles
locatedbehind.
1 Temporary lack of attentioparametersnay determine the probability and time
duration in which a driver does not reacthie behaviour of lead vehicéxcept

for emergency brakingA higher value for the duration (seconds) for temporary
lack of attention lowexthe capacity on the link.
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1 Smooth closeup behavioparameter determines whether drivers slow dowene
smoothly when approaching standing obstacles. If bmsiclereddriversthen
prepare to stop behind the obstacle from the maximum look ahead distance
Otherwise driversmust maintaimormal following behaviour and will not
consider thestanding obstacle

1 Standstil distance for static obstaclparameter determines the distance that
drivers keep while standing in upstream of all static obstacles.

Coun| No = Name | B: Driving Behavior
1 1|Urban (motorized) |
2 2| Right-side rule (meotorized) | Mo.: |3 Name: |Freeway (free lane selection)
3 3| Freeway (free lane selection) |
4 4|Footpath [nolnteractlon]{ | Following |ane Change Lateral Signal Control Meso
5| 5|Cycle-Track (free overtaking) |
6 11/Urban (motorized) faster diffusion | Leck shead distance Car fellowing model
7| 13|Freeway (free lane selecticn) || mins 0.00 ft Wiedemann 99
8 103|Freeway (free lane selecticn)

9 113|Freeway (free lane selecticn) max.: 1320.01 ft Model parameters
10] 114/Freeway (weaving) . Observed vehicles CCO (Standstill Distance):

Lock back distance CC1 (Headway Time):

i D00t CC2 ('Following' Variation):
i 19213 ft CC32 (Thresheld for Entering 'Fellowing'): -8

CC4 (Megative 'Following' Thresheld):

(=]

\ b -
5 £ o )
RS =

(=]
b}

Temporary lack of attention

Duraticn:
Probability:

Smaoth closeup behavior CC8 (Standstill Acceleration):

=

CC5 (Positive 'Following' Threshold): 0.3
CCB [Speed dependency of Oscillation):

CC7 (Oscillation Acceleration):

CCO (Acceleration with 50 mph):

&[22
AIRIEL
IEI e

= Standstill distance for 16aft

static obstacles:

Figure 24: Weidemann Car Following Parameters
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Parameter Default Value Description

cco 150 m Average standstill distance between two vehicles.
cC1 090s Desired headway time between lead and following vehicles.
cc2 400m Additional distance over the desired safety distance. At this stage,

the driver recognizes a preceding slower vehicle.

The time in seconds before a vehicle starts decelerating

e =805 to the safety distance.

Negative speed variation between lead and following vehicles.
CC4 -0.35 Low values result in a more sensitive driver reaction to the
acceleration or deceleration of the preceding vehicle.

Positive speed variation between lead and following vehicles.
CCs5 0.35 Value is the positive number corresponding to the negative
value of CC4.

Influence of distance on speed oscillation. Large values lead

60 4 to a greater speed oscillation with increasing distance.
CcC7 0.25 m/s? Oscillation during acceleration.

CcC8 3.50 m/s? Desired acceleration from standstill.

cCo 1.50 m/s? Desired acceleration at 80.45 km/h.

Figure 25: Weidemann Car Following Calibration Parameters(35)

The thresholds, AX, BX, SDX, SDV, CLDV, and OPDV are describdtie following
sections Error! Reference source not found.26 depict the Weidenann 99ane ¢
hangingparameters. Aghabayk defined the mathematical relationships between the car
following parameters and thresholds given the difficulties experienced in attempting to
auto calibratéhe VISSIM® car following moded (35). Thesemathematical relationships

are shown below

AX= L+CCQO, 27)

where L represents the length of the lead vehicle, CCO is the average standstill distance
between the leading and following vehicles, and AX is the desired distance between two

stationary vehicleg35).

BX= AX + CCI*v, (28)
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where BX is the minimum safe following distancenaticad by drivers, CC1 is the
desired headway between the leading and following vehicles, and v is the speed of the

following vehicle if it is lower than the speed of the leading vel{R%.

SDX = BX + CC2 (29)

where SDX represents the maximum following distamdele CC2 represents a
variation intheadditional safety distance the approaching (following) vehicle wants to

keep behind the leading vehi¢ib).

SDV; =7

5 &, (30)

where SDVis the point at which drivensoticespeed differences when approaching a
sl ower vehicle (viewed from a | ong distanc
following vehicles (front bumper to front bumper), CC3 is the time it takes before a
vehicle begins to decelerate to the safetjadise, and CC4 is the maximum negative

velocity attained during the unconscious following pro¢8s3

CLDV = z Yoo 0 6 4, (31)

where CC6 represents how the following vehicles speed oscillation changes with the

distance to the lead vehi|85).

OPDV = z Yo 0 126 b, (32)

where CC5 is the maximum positive velocity attained during the unconscious following

procesg35).
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As shown aboveCC8 represents the desired acceleration as a vehicle starts moving from
a stationary position, and CC9 is the desired acceleration of the vehicle at 80km/hr, which
is normally assumed to be the mean of the maximum acceleration rates of vehicles. CC8
and GC9 are not directly used to calculate thresholds, but they are utilizedgenbeal

form of the Weidemann 99 car following model.

The i mpact of t heareefplcatdd o @haptey 6 wipch dissussed tleer s
results of the model rurend the relative of the parameters on model resuttswever,

as agenerahote from the literature and in practice, the headway time (CC1) has a
significant impact on capacity, volume, and speed within the Weidemann 99 (36yel
Likewise, the additive and multiplicative components of safety distance impact capacity.
Both Weidemann 74 and 99 car following modmisused as part of thisork. The next
component of the Weidemann 99 Car Following Model to be examined are the Lane

Changing Models withivISSIM®.

6.3.2.2 Lane Changing Models

There are two types of lane changing behawidrich occur withinVISSIM®,
namely, the necessary lane change and free lane cf&#)gé&or a necessary lane
change tmccur, the driving behavior parameters must contain a maximum acceptable
deceleration for a vehicle and its trailing vehicle on the lane. On the otheffdraad,
free lane chang&/1SSIM® checks the desired safety distance based upon the speed of
the vehicle that wants to make a lane change. Whether a necessary or free lane change
occurs, i is critical to find the appropriate gap size between the leading and following

vehicle. Both the speeds of the vehicle changing lanes and the speed of the vehicle
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approaching from behind must bensidered While theVISSIM® manual notes that

driver aggressiveness would impact how lane changes occur, driver aggressiveness
cannot be directly modelled for free lane changes, however changes to the safety
reduction factor andther factors such asfety distance would impact the

aggressiveness of drivgi®2). Higher levels of aggressivenem® reflected in driving
behaviour that reduces the safety distance and headway between vehicles, thus, leading to
increases in roadway capacity and vehicle spe¥t8SIM® includes a set of lane

changing parameters which manage how vehicles change lanes throughout their trip. The
default parameters for lane changing are set to a moderately aggressive behavioural
modelthrough the deceleration thresholds defined for the lane changing vehicle (Own)
and the vehicle it is (Trailing) The range of these decelerations is defined by the
maximum and accepted decelerations, while a reduction ratessfid fised to reduce
maximum deceleration as increasing distance from the emergency stop pobities.
parameters can be changed to reflect extremely aggressive-aggressivariver
behavioun32). The maximum and accepted decelerati®hesix lane changing

parameters are definbéglow B2, 34):

1 Waiting time before diffusiodefines the maximum amount of time a vehicle can
wait at the emergency stop position waiting for a gap to change [&heslefault
value used withi'VISSIM® is 60 secondfor freeway traffic If this value
exceeds 60 seconds, the vehicle is taken out of the model with an error file noting
the time the vehicle was takentai the model.Excessive queueing can occur
behind the leading vehicle if the waiting time for the lane chrangehicle is
increased significantlyFor arterial roads with a significant density of signals, the
time of diffusion may vary based upon the level of aggressiveness for lane
changing behavigr

9 Safety distance reduction fact@presenta reduction in the safety distances

associated witkrehicles which are making the lane change. The default value
within VISSIM® is 0.60, which means that there is a 4@%uction in safety
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distance while the lane changing manuever is occurring. Smaller values of the
safety distance reduction factor denote aggressive driving behavior, where drivers
typically want tomake lane changes with smaller gaps for lane changing.

1 Minimum headwagetermines the minimum gap needed in front of the following
vehiclethat should be available for a lane change. Lower minimum headways
reflect aggressive driving, while higher headways reflect a greater emphasis on
safe traveling distances.

1 Overtake reduced speed areaters to the option of vehicles being allowed to
overtake other vehicles in a reduced speed area. From practice, checking this box
will increase the time it takes the simulation to,nwhich may contribute to
additional congestion.

1 Advanced mergingllows vehicles to change lanes upstream of a congested ramp
to facilitate more vehicles to merge to the mainline, which increases the capacity
and reducing the likelihood of stopped vehicles waiting for a gap.

1 Cooperative lane changingllows for the trailing vehicle to switch lanes to
facilitate the lane change of the leading vehicle. Howai&SIM® will execute
a cooperative lane change even if the defined maximum speed difference and
maximum collisiortime factors are not més2, 34)

General Lane changing behavior: Free lane selection
MNecessary Lane . Trailing .
mit . nit
Change(route) L L Vehicle !
Mﬂ"n_mf'l 15t0-12 feet/sec’ -15to -8 feet/sec”
deceleration
-1 feet/sec? per
L e b 100 to 250 meters* 100 to 250 meters
distance
.ﬂcccpt.-:q 12 to 2.5 feet/sec” 12 to-1.5 feet/sec”
deceleration
Waiting time before diffusion 200 5
Min. Headway (front/rear) 1.5 to 2 feet
To slower lane if collision time 0 to 0.5 sec
above
Safety distance reduction factor 010 to 1.0
Mammul.n dccc]a?muun for 8 to-20 feet/sec?
cooperative braking
Owertake reduced speed areas unchecked
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Figure 26. Lane Changing Parameter Defaults in VISSIM (32. 34)

For this work, the free lane selectisrselected as thgenerabehavior lane model. The
generalane changindpehaviourdor free laneselection are showabove Minimum

headway, deceleration rates, lane changing distance, and the safety reduction factors have
a significant impact on roadway capacity witMi8SIM®, whether they are implemented

for arterials and freeways for either uncongested or congested conditions.

6.3.2.3 Travel Cost Function

Thegeneralkost function withinVISSIM® allows for the modeling of different
path selection behavidor each vehicle typas a function of travel time in seconds,
travel distance in feet, arithancialcosts(32). The route selection is based on the travel
time, route length, and the financial costs of taking each rgi8&IM® may bebiased
in its selection of routes by recommending the routes with the lgeestaked travel
costs. Therefore, it can be assumed that drivers want to minimize déiveirdosts. Any
changes in routing selection after the implementation ofnweaged lane/ould be
indicated by drivers using theanaged lanbecause imay lowertheir overall travel
costs orchoosedo avoid italtogethessince theigeneraked travel costs would increase if
they chose to use tlmeanaged laneThe standard form of th@eneralCost function for

each trip is shown below:

GeneralCost = U*travel time + Db*tr swahdrgedi st anc

(33)
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where U, b, and o are cost coefficients
financial cost ($t.), and any associatedst surcharges per linkhich areset to zero

(32).

Thegenerakost for a specific route is the sum of generalkost of all its edges, where a
route is defined as a sequence of edges which describe a path through a network. An
edge simply represents a sequence of links and connectors between two nodes. Itis
important to note that traffic travels on a link, dutough nodswithin VISSIM®. Each

o-d trip which canenter and exit through parking lots will haveaasociategeneral

cost The assigned cost coefficients are based on specific vehicle types, which may have
different path selection and financial co&8). For instance, a small duty truck would

be more expensive to operate than a standardfaasing themanaged lanprovided
somegeneralcost savings foA.M. peak lour trips when compared to trips taken prior to

its implementation, it is expected thASSIM® would recommend the lowesbst route

to make that trip

6.4 Dynamic Assignment

Dynamic assignment entails findiagset of possible routesn assessment of route
alternatives based upon some criteria, and then a description of driver behavoar
estimated basadpon that assessmdB2). Given the objectives and scope of this work,
there is an interest in ascertaining the impacts of changesgedhneetry of theoadway
network, the introduction of managed laneand its potential impact on route choice.
Within VISSIM®, dynamic assignment is based upon the concept of itesiaedation,

where the network is simulateelpetitively,androute selectiothrough the networls
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based upon travel costs incurred during preceding simulatieesh intersection within
the model is represented as a node, while the entry and exit points into the model are
represented by parking lots, which contain zoreatking lots are used to model the
entry and exit points of vehicles into the network and contain a defined zone. Trips
originating from a specific zone (origin) or ending within the same zone (destination)
start or end within garking lot. Parking lots assign the originating tiafbf a zone
through the application of a relative flow percentage. Relative flow refers to the
percentage of traffic which originates within a specific zone. vibtheme oftraffic

entering the model is a primary concern, as it impacts travel speed, flow, and vehicle
delay throughout the network.ravel demand for dynamic assignmergpecified

within the development dheorigin - destination matrices. The areas in the network to
be simulated are divided into smaller subsets called zones, where the number of trips
made from each origin and destination zone are used to define thedtrenagid for the
modellednetworkfor trips takerbetweerb A.M. - 11 A.M. This work utilized

converged model runs to perform dynamssignmentsvithin VISSIM® to ensure that
VISSIM® could learn to model topology and understand any stochastic variations

between travel times along the paths whitBSIM® selects.

6.4.1 Dynamic AssignmeiitMathematical Foundations

Within VISSIM®, travel times are measured for each edge within the network.
Routes inVISSIM® are described as a sequence of edges vdgistribe a path into the
network, where an edge simply represents a sequence of links and connectors between
two nodeg32). Vehicles that leave the edge report the tapent on the edge/ISSIM®

averages the travel times during one evaluation interval, however, there are situations
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which may occur during highly congested periods where vehicles are unable to leave the
edge (queued up on the link). Under these circumstavit®S)M® reports these

vehicles as having significant dwell tiregen thouglthey have not left the edge. The

travel times per edge measured during a time interval of one iteration are exponentially
smoothedusing the rules for stochastic assignment developed by Kirbk@dfe they are
incorporated into the route choice decision procd$ge smoothed travel tinfer each

edge represetthe travel time expected for the next iteratawa used to make the routing

choice decisionas shown beloy32).
.,Yh .
Where

K= index of evaluation interval within the simulation petiod index of assignment
iteration,a= index of the edge"YU " = measured travel time on edgéor period Kk in

iteration nYO" = expected travel time on edge a for period k in iteration n, and
U=smoot hing factor.

Theroutechoice decision dependponthe results provideddm thegeneralkost

function, described as a linear function of travel time, travel distance, financial costs, and
any additional surcharge link specific cost$eroutechoice decisiopredictedwithin
VISSIM® recommend routes with the lowest travel cositsVISSIM®, there is no way

to find a set of best routes, but the best single route foraaph-destinatiorpair can be
found by searching for paths in each iteration of the dynamic assignbDidierent best

routes maye foundfor each iteration of the simation given heterogeneous changes in
demand during the AM rush hour perioddSSIM® collects all routes which have been

gualified aghe bestoutes and saves this information within an archiver. the first
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iteration, there is no information available from preceding simulation runs, so the cost
component is evaluated by replacing the travel time with travel distance. The distribution
of the travel demand for amyd pair to known paths is foungsingthe Kirchhoff

distribution formula shown below:

Where™ = utility of route j,0 Y = probability of route j being chosen, andnkedel
sensitivity. TheKirchhoff distribution functions typically expresseds a logit function,
where the utility function undergoes a logarithmic transformation. The transformed logit

function is shown beloB2, 35):

~.
g
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6.4.2 Dynamic Assignment Parameters

Within VISSIM®, cost and path files are generated fooalltrips over a
specified evaluation interval. The traffic conditions in the network change over time and
the travel times certainly fluctuate with increasing and decreasing travel demand. While
in practice, traffic engineers would love to evaluate traffi@seconeby-secondoasis,
however VISSIM® recommends evaluation intervalsi&minutes or greater since there
is significant fluctuation of measured valuasshorter intervalsError! Reference s
ource not found, Error! Reference source not found, andError! Reference source
not found. showthe files, costandsearchparameters withithe dynamic assignment
module respectively.
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E R Dynamic Assignment: Parameters ? e

| Files  Cost Search Choice Convergence Route guidance

| [ Use trip chain file

Trip chain file: 21kt ‘
| A Matrices
| Count: 1| Matrix VehComp |
| |
| 1 1: AMfma 1: Arterial Traffic |
|
| [ Scale total volume to 50.00 %) |
| Evaluation interval 600 = |
Cost file: [cost 5 22bew [

Check edges

Path file: [patn_5_22.weg | [=

Check edges

Create archive files
|

| Store costs Vehicle Classes:

| Store paths (and volumes)

Figure 27: Dynamic Assignment- Files

The files generated are cost and path filesckvare stored as archive files.

B} Dynamic Assignment: Parameters ? X

Files Cost Search Choice Convergence Route guidance
Time interval for edge travel times in path search:
(®) Same time interval, previous simulation run

() Previous time interval, current simulation run

Cost for path distribution with Kirchhoff:

(® Sum of edge travel times

(O Measured path travel times

Smoothing method:
(®) Exponential smoothing with smoothing factor:

() M5SA (Method of Successive Averages), so fan 1| Kerations

Figure 28: Dynamic Assignment Parameters Cost

As shownin Figure28, the time interval for edge travel timesfound by using the
results of the previous simulation run for the same time interval.Kirbehoff

distribution splits the travel demand by examining the cost of each route
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Files Cost Search  Choice Convergence Route guidance

Path search

Search new paths
[] Search alternative paths Alternative path search

[] Search path for O-D pairs with zero volume

Path selection type
(®) Decide at start only

() Decide repeatedly

Figure 29: Dynamic Assignment Parameters Search

For each iteration, new paths aearchedand the path selection type is decided at the
start of the simulatiowithin dynamic assignmentDeciding the path selection type
Gepeatedlpwas considered, but that option more than tripled the amount of time used to
run the simulation, so it was abandoned due to its inefficieAsypart of the path

selection, paths with more tha80% maximum extra costs when compared to the best
path were eliminated, and the maximum number of paths per parking lot locatien

limited to three paths to facilitate a successful simulation run. The path choice model

used was the Kirchhoff stochastic assignment maedatentioneg@reviously(32).
6.4.3 Simulation Parameters

There are four primary simulation parameters used Witl@8IM®, namely, the
simulation period, simulation resolution, random seed and random seed increment, and
the number of runs. For this work, where the total travel time costgéip is being
analysed before and after the implementation ofrtaraged lanet is important to

ensure that the simulation parameters used in all model runs are identical. Otherwise,
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directcomparisos of the pre and post implementation conditiansimpossible to
ascertain. Brief descriptions of gesimulation parmetersareprovided in the following

sections.

6.4.3.1 Simulation Period

While the simulation period represents the total simulation time per model run
simulation secondshere are some considerations wisbbuldbe considered
consideringhe present work as presented by Washington State Department of
Transportation (WSDOT). Recommended guidance from WSDOT stipulates that the
simulation period (seeding period) should be the longest of the following cri{8apn

namely.

1. A minimum of 10 minutes

2. Equal or greater than twice the estimated free flow travel time from one end of the
model to the other.

3. The point at which the number of vehicles in the network leveldfére the rate
of increase slows down but the number of vehicles in the nmoalglrise.

4. Vehicle queue lengths in the model at the end of the seeding period to replicate

real world observations.

The model duration is set $ix hours, fromb A.M. - 8 A.M., and 8A.M. - 11 A.M., to
make sure that the development and dissipation of congestion can fully be agalgsed
theprocessing powdmitations of running the models continuously fromMA5/. - 11

AM.
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6.4.3.2 Simulation Resolution and Simulation Speed

The simulation resolutiorepresents the number of time steps per simulation
second. The default value b®is recommended, howeveaf|SSIM® provides some
recommendations for setting the simulation resolution. Vdkssstharfive lead to jerky
movements that speed up gimulation, while values frorfive to tenprovide better
results. Values greater than 10 provide smoother and more realistic vebideents
buttake a much longer time and processing power to perform the simulation run.
Simulation speed corresponds to a time lapse factor, which indicates the number of
simulation seconds per real time sec®)). A default value obneis typically used to
run the simulation in real time, however, the desired simulation speed may not be realized

if a large network such as this one is being(82).

6.4.4 Random Seed/Random Seed Increment

Random Seeds allow for stochastic variations in the traffic arrivals within
VISSIM®, which mimic real world conditions. If two simulation runs within the same
VISSIM® network use different random seeds, then the stochastic func68$iM®
areassigned different sequences for each simulation run, thus changing the traffic flow
parameters within the network. Random seed incremefaisto the difference between
random seeds when multiple simulation runs are being performed. For dynamic

assignment, eandom seed of zeis typically used(32).
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6.4.5 Dynamic assignment volume increment

VISSIM® provides the option to scale the traffic volumes by a volume increment.
For example, ifiive runs are proposed, the volume could be sdaledn the model at
20% of the total volumdor the firstrun with 10% dynamic incremental increases in
volume until the model runs at 100% volumihe number of runs varied frothirteen
to eighteerruns, depending upon when the model runs achieved the convergence criteria
of variation of 15% or less for travel times between runs for at least 75% of the network.
With large models, achieving convergence at a higher level is challenging. There was a
limitation imposed by the lack of processing poweruo more than 18 convergence
model runs.VISSIM® can achieve better simulation results with each successive run.
Therefore, for the purposes of this study, the dynamic assignment volume incraraents

set at 20% for the firshodel run and until the model runs with 100% of the traffic

6.5 Data Collection- VISSIM®

The data collection process involved significant data transformation where all
zones within th&/ISSIM® model were matched with specific nodes within the 150K
ABM Travel Demand Model Once the-d trip datawerecollected for each trip entering
and exiting the network boundaries fr&A.M.-11 A.M. from the ABM Travel Demand
Model, the origin and destination locations, trip traversed nodes, and traversed timestamp
data were used to map the path of every trip from trip origin to trip destif@gpnThe
zones at which trips entered and exited\i8SIM® model were matched with the entry
and exit node data within the Travel Demand Modéie number of trips entering and

exiting theVISSIM® model from each zone is modelled as an Origin Destination matrix
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for eachfive-minuteperiod starting fromb A.M.-5:05A.M. The trip dataaresetup into
five-minuteincrements, that igive-minutevolumes from each origin and destination
zone defined withi'VISSIM® from 5 A.M.-11A.M. Therefore 72 Origin Destination
Matrices wereconfigured withinVISSIM®. There are 118ones from which vehicles
can enter andxit the model. Thereford18x118origin-destinatiommatriceswere

developed for each vehicle tyfmr five-minuteperiods ofanalysis fromb A.M.-11 A.M.

6.6 VISSIM® Model Development Summary

Chapter6 addressed the role and function of the elements used to build the
VISSIM® microsimulation model Descriptions of the model elements including links,
nodes, connectors, parking lots, zones, data collection points, reduced speed areas, and
the setup of intersections are summarized throughout SécfioSection6.2.7 provided
a layout ofthe network anddefines both the project boundaries and scope of the model.
The model consists of 38 unique links, 1Bintersections, 237 Parking Lots, 48bdes
(located at middle of intersection and at entry and exit poiti8entry and exit points
(zones), and 29.7 miles ofanaged laneas well as more that®0 miles of arterial roads
Section6.3 not only elaborates upon the mathematical foundations of the Weidemann 74
and Weidemann 99 Car Following Moddssit alsoprovided descriptions of parameters
within each model, and details the importance of the free driving, approach, following
and br&ing regimes, but also defines the importance of the-CCB8 calibration factors,
and describes the parameters of the lane changing models. The chapter denttuae
discussion of dynamic assignment, detailing how the cost and search parameters are used
to define path selection withMISSIM®. The influence of the simulation period,

simulation speed, simulation resolution, selection of the random seed, and the impact of
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the dynamic assignment volume increment were described in SéetioAn overview

of the data collection process was provided in Se@&idbn
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CHAPTER 7. MODEL RUNS

7.1 Development of Model Runs

The objective of this research sdevelop a sensitivity analysis on toll rates
charged per milgvithin a trafic simulation which capturemnodelledroute choicefter
the implementation of the Northwest Corridoanaged laneTherefore, it was
imperative to develop model runs which applied different cost penitiiés to routes
which chosethemanaged lant® examinghe modelledroute choice Cost penalties
(tolls) per milewereuniformly applied to allmanaged lanknks throughout th@etwork
for all study time periods5(A.M.- 8 A.M. and8 A.M.- 11 A.M.), as theobjective is to
examinewhetherthe simulationchooses the Express Lanéor a portion of someragin-
destinationtrips when utilizing new dedicated access poprisvided by the Express
Lanewith the goal of minimizing impedancét is assumed that drivers would expect
some travel time savings during ith&ip in exchange for paying a tollTolls per mile of
$0, $.20,$.50, and $1.0Were applied to thmanaged lanknks in VISSIM® to analyze
whethemodelledroute choicehangedafter the implementation of the Northwest
Corridormanaged laneRoutingchoicemay change as the cost penalties increase,
however, this may not be true for short trips, as ghtips maybe chosen due to the
location of thed r i wdestinti®n as opposeddmpectedravel time savings. Shorter
trips would incur smaller tolls, and thus, lower opportunity co$tee converse may be
true for longer tripswheremotoristsmay be willing to pay more fagreater travel time

savings particularly,to get to work on time.
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Additionally, the topiosint® themanaded lan@ntranbee
(dedicated access poimtjay impact the decision to use thanaged lang entrances to

themanaged lanare congestedr uncongestegrior to entry.

dr

MNe.: 361 Marmes
Mum. of lanes: Uc Behavior type: | 3: Freeway (free lane selection) w

Link length: 11055477 ft Display type: |4
Level: 1: default

[] Use as pedestrian area

Lanes Meso Display Others

Gradient: Dynamic assignment
[] Cwertake only PT Cost: per mi
Surcharge 1:
Evaluation J
Surch 2!
[~] Vehicle record urcharge
Lane changes record Owertaking in the opposing lane
Link evaluation Look shead distance: 164042 ft
Segment length: | 300000t Owertaking speed facton: 130
Assumed speed of oncoming traffic:
37.28 mph

Figure 30: Tolls per mile for managed lane links

Error! Reference source not found.above depicthow the costs per mile tolls are p
laced within the link definition under the Others tdi this case, the cost per mile to
utilize the Northwesinanaged lanevas settfifty cents per mile.Sincethe VISSIM®
simulationselectsoute choice based upon tHewesttotal travel costfrom origin to
destinationimpedance)the question addressedasether the use of theanaged lane
leads to travel time savings frormip origin tothetrip destinatiorafter the inclusion of

dedicated access points to amahfi the Express Lane
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7.1.1 Convergence

Prior to develomg a set ofinalized model runs, it was important to ensure that
all model runs reached convergence, which indicates that thetiragshlong paths
within the model are stabighen stochastic variatis are introducedFor this work
which contains 18intersections, finding convergence along travel paths was
challenging, however, it was achieved at an 80% level for thenanaged laneuns.
For the postmanaged lanauns, a 75% level of convergence was attained as more
variation was introduced into the moddtmthe addition of thenanaged lang&cility.
Thisindicateshat 75% or 80% of all paths maintained a travel time difference of 15% or
less even with the introduction of stochastic variations for each successive model run.
This resultshoweda reasonable level afiodel stabilityfor a large, complex modello
achieve 80% convergentar the premanaged laneonvergence runshe volume was
scaled to 20% to start the convergence model runs with 10% dynamic assignment
increment increasdbereaftefor each subsequent model run. Therefore, 100% of the
volume would be loaded by the ninth model run, which allV@SIM® to learn the
model behavior along the prescribed model paths. In short, the travel time on paths
calculates the change in travel time on paths for successive model runs. For this analysis,
convergence runs with respect to travel time on edges and \@hmexiges were not
performed. The literature recommends an evaluation period betweghmutes for
large complexmodels, so an evadtion period of 60 minutes was employed for this
work. The random seeds were varied, while the random seed increment was set to O.
Convergence model runs were performed for both the pre implementation and post

implementation cases.
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7.1.2 Description of Model Runs

The model runs were developed¢vealwhethermodelledroute choicewould
change after the application of a toll to tiewly deployed Northwest Corridaranaged
lane While the Northwest Corridananaged lanwas originally described ashégh
occupancy tolLane, therespective lane capaesrange froml,000-1,200 veh/hflane
At entry pointgo themanaged lanéraffic can divert ontawo receiving lanes.
Therefore, the maximum capacity of timanaged laneetwork at entry points is
approximately 2000 veh/hr at full capacityTo examine whethahe simulation chooses
to use thananaged lantor some prtion of an ed trip, the following model runs were
developed fothe followingstudy time periods5(A.M. i 8 A.M. and8 A.M. T 11A.M.),
which comprise thé.M. prerush rushhours and post rush hour time peridds home

to work trips

7.1.2.1 Model Runs by Time of Day

As generdly accepted in both the literature aghpirical experience with Atlanta
traffic, the busiest morning rush hour periadsfrom 6 A.M.- 9 A.M., with home to
work trips. During this time, on@may expect greater diversioimto themanaged lane
given the higher levels of congestialong arteriatoutesandthe expectegotential to
accrue greater travel time savinggom5 A.M. i 6 A.M., a moderate increase in traffic
flow is expectegwherea demonstrated differenaetravel timemay be observedrFrom
6 A.M. T 9 A.M., the writer expectsomecongestion along major arteri@adways,
especially in areas with high trip generation such as restaurants, hospitalsamaalls,

office buildings Congestion along highly traveled arterial routes typically disspate
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after 10A.M. While it was initially planned to collect data fromAGM. i 11 A.M.

within each model run, the large numbepatf pairs and zones within the matrices led to
a significant slowdown in model runsie to the number of calculations being performed
everyone tenttof a second In some cases, theogtel crashed amongst repeated attempts
to setup the model runwith asix-hourcontinuous run Therefore, shorter time periods
(5A.M. -8A.M. and 8A.M. T 11 A.M.) became a more efficient and effective way to

run the model and collect the data needed to perform the analysis.

7.1.2.2 Model Rurs by Charged Toll

It is expected that drivers would normally only pay a toll in exchange for some
benefit One of the tested alternatives is to make access tondahaged lanf&ree, which
is, charging a zero toll for access. Under these conditions, the largest amount of
diversion is expected during the most congested time periods, naldi, 6 9 A.M.
From5 A.M. - 6 A.M., there may be some diversion into thanaged lanat a zero toll,
but the travel time savings accrued are expected to be migivealthe lowtraffic
demand across the networkrom8 A.M. 7 11 A.M., some congestion is expected along

busy arterial routes until 18.M., when most arterial traffic should have dissipated.

The data from the model runs reveal whethersimulation chose theanaged lanéor a
portion of thetrip. While themanaged lanmay offer some travel time savings, the
impact of arterial congestion may yield a trip that has no overall travel time savings.
There may be some differences for shorter and longer tripstheitbxpectation that
longer tripsmay accrue greatdravel time savings. For shorter triplse decisiono use

themanaged lanmay bedue to convenient accessa@articuladestiration as opposed
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to accumulation of travel time savingslotoristsmay be willing to paywo dollarsfor

five minutes 6 travel timesavings bube unwilling to payight dollarsor twenty

minutes of travel time due to the difference in opportunity cost, that ibetefit of
choosing aather option derived from a different choicéhe decision to choose the
managed lanmay also be moderated by the level of congestion, with higher levels of
congestionn thegeneralpurposdanespotentiallyleading to a higher probabilityf
diversioninto themanaged lan# there ardncreased costs associated with using the

generalpurposdanes

For charged tolls of $.50 or $1.@@r mile it is expected thaisage othe managedane
decreases travel time savings accrued from choosing ii@naged lanare minimal
However, the converse situation could be true if the travel time ssamiyspeed
differences between theanaged lanandgeneralpurposdanesaresignificant The

following model runs are proposed for this wakdescribed above

1. Total offour Postmanaged laneunsfrom 5 A.M.- 8 A.M. at $0,$0.20,
$0.50, and $1.00 per mile

2. Total offour Postmanaged laneunsfrom 8 A.M.-11 A.M. at $0, $0.20,
$0.50, and $1.00 per mile

3. A total oftwo Premanaged lanenodel runs for each time perigalo tolls)

7.1.2.3 Time of Diffusion

There is significantliscussion in industrgoncerning the appropriate time of
diffusion parameter that should be uséthin VISSIM®. In short, the time of diffusion
is the maximum time a vehicle should be allowed to wait befonegihg lanes behind a
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stop line. This issue doestexist in the real world, bit is a limitationin VISSIM®
because vehicles are removed from the network if they exceed the time of diffusion
thresholddefined inVISSIM®. If ahigh enphasis on vehicle conservatitlecomes the
primary concernthen high values of time of diffusion may be appropii@govide

extra time to make lane changddowever, high values of time of diffusiomay cause
artificially generated congestion within the model by allowing vehicles to a@ibng

(12 minutes}o make a lane change, while low values of time of diffugim@minute)

can cause significant loss of vehicles from the model, namely, that vehicles disappear
from the model quicklppecause they have only a short timehange lanes, particularly

in areas with heavy arterial traffidhe default parametedd time of diffusionvary

widely from 60 second® up to 720 seconds, depending on the size and scope of the
model being developedn practice, it would be expected that vebgktan wait at least
two to three cycle lengths behiadsignal during rush hour time periods make a lane
changeparticularly in areas which have high arterial volum@sven the size and scope
of this model, which contains 2&ignalized intersections, some of which are spaced
closely togethealong Chastain Road, Roswell Road, Windy Hibla, Powers Ferry
Road, and Marietta Parkway became necessary to perform a sensitivity analysis on the
time of diffusion parametexeighing the tradeoffeetweenvehicle conservation and

potential increases in congestion

In short, times of diffusion values of 240 seconds, 300 seconds, and 480 seconds
were teste@long arterial routes, but kept at 60 seconds along freewaytnstate
routessince those facilities have available capacity and several receiving lanes available

to make a lane changdfter tests were performed, it was decided that a time of
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diffusion of 300 seconds would be used in urban areas so that vehicles had adequate time
to make lane changes. At 480 seconds, the time of diffusion contribujeieue

spillback in the modelOn Interstats (which are not signalizedlane changing happens

quickly, particularly in areas which have six to eight laaesilable for lane changeso
60 seconds was found to be approprigdong busy arterial routes with several
intersectionghat are closely spaced to one another, the amount of timdegeiaitto
perform a lane change a function of theraffic demand andycle length at each signal.

In the busiest areas, vehicles may wait at least two cycle leaigghsignato proceed

through the signalized intersection.

7.1.2.4 Safety Reduction Factor

During lane change¥/ISSIM® reduces the safety distance of the vehicle to the
value that is calculated by multiplying original safety distamcthe safety distance
reduction factor. For instance, the default value of 0.6 reduces the safety distaace valu
by 40%. The safety reduction factor controls how much distance a lane changing vehicle
has before making a successful lane chadgewith time of diffusion, the safety
reduction factor must be chosen carefully. The writer has noticed some attempts within
themodelingcommunityto choose extremely low safety reduction factors such as .10,
which reduces the safety distance value by 90%ing such a small value would tend to
maximizecapacity of the roadway network by minimizing space to make lane changes.
However, undethese conditiondane changes would be extremely abrupt and may occur
at high speedompromising safetyMuch like time of diffusion, the selection of the
safety reduction factor impacts the conservation of vehicles withimdiokel. If low

values of the safety reduction factor are combined with large time of diffusion values, the
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result could be the propagation of additional congestion within the model, where vehicles
wait longer to make lane changes because there is an inadequate safety distance to do so.
Such a situation may cause significant backups and queuing in areas thatt aresult

of normal recurring congestion. Both the time of diffusion and the saéehyction

factor play a prominent role in the lane changing behaviors of vehicles. For this work,
model runs are being developed with a safety reduction factéd ofvhich reduces the

safety distance by 40%. There must be some reduction in safety distpnoceide a
reasonable distance for the trailing vehicle on the newttareact to a lane change

which serves as determinant as to whether a safe lane change can doduersshould

also considethe safety distance needed for l@ahangerom their existing lane tthe
receivinglane. In some cases, lane changing vehicles nepddkly accelerate or

decelerate to make lane changesis introducing usafe conditions.

7.2 Setup of Model Runs

Theprocesaised to setipthemodel runsaredescribedn the following
subsectionas well as some valuable lessons learned throughout the préssssning
the links, nodes, parking lots, zones, signalized intersections, lane changing parameters,
tolls per mile, model matrices, and car following models fereadybeen prepared in
VISSIM®, the process of setting up the model runs is straightforward. The following
sections briefly describe and illustrate the process of setting up the model runs. While the
exact order of setting up model runs is at the discretion of each researetegréhsome
recommendations providea the discussiowhich mayprove useful A more
exhaustive description of model run componeméliscussed in Sectioh3, Sectiorv.2

coversdynamic assignment parameters, selection of vehicle record data, simulation
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parameters, andsiortdiscussion concerning the importance of test pritg to the

development of finalized model runs

In VISSIM®, Dynamic assignment parameters are found under the Traffic tab.
Under the Files tab, it is important to first ensure that the correct matrices have been
defined. For this workseventytwo matrices were defined five-minuteincrements,
startingfrom 5 A.M. to 11A.M. It is critical to define the cost and path files to be
generated by/ISSIM® andconsiderthe financial costs at the edges of all the nodes as
vehicles enter and exit the moddil.a choice is made to consider path travel times, then
financial costs would not represent the sum of the edges of nAdgsve files, costs,
and paths should be stored for all vehicle classes in thelmibdeimportant tadefine
the time interval for edge travel times, cost for path distribution, and select a smoothing
methal. Path search and path selection tgbeuld be selected carefullfzor large
models, it may be problematic to select a path selection type which decides repeatedly
about path selectiorDeciding path selection repeatedbntributes taa significant
slowdown in the time it takes to complete model rims$ead of the path type being
considered from the start of the model.rdor large models, it is vitally important to set
the model to avoid long detours and reject paths with too high totalasogtsg of the
dynamic traffic assignmentlt is not advisable to set the maximum extra cost compared
with the best path to extremely high values excee#d@§a For this work, the
maximum extra cost was set to 100%.a decision is made to allot® searcHor paths
repeatedlywith highertotal costs, the probability of the model run crashing increases
significantly as it cyclsthrough all possible paths and potentially induce additional

gueuing, particularly within a large modélhere is greater flexibility when examining
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smaller models at a more microscopic level. Lastly, since this work involves stochastic
assignment, a Kirchoff distribution is used as the path choice model. Depending on the
goals of the research, old volumes or equilibrium assignment may be sufficiest/er,

if the work involves whethenodelledroute choicéhas changed as the result of a new
facility, it is better to considestochasti@assignment as opposed to equilibrium
assignmentwhich seeks to equally distribute travel demanch thaall uses choosing

the same origins and destinations would experience the same travel time

7.2.1 Selecting Appropriate Data Outputs

Prior to performing model runs MISSIM®, it is important to select the
appropriate data outpuftsr analysis For this workthe following vehicle record data

wascollected, namely:

1. Simulation Second The number of seconds in the simulation run starting at O
seconds to the end of the simulation run thgeghours =10800se®ndy

2. Numberi The assigned vehicle number which remains the same across each
runif the random seed value remains the same with zero specified as the
random seed incremental value.

3. Lane/Link/Numbeii The corresponding link number¥iSSIM® along with
the lane where the vehicle is located at any point in time during the simulation
run.

4. Start Time (time of day) The time of day each vehicle enters the model.

5. Speed (mphj The speeds of vehicles as they cross each link in the model.

6. Origin Zonei The zone at which the vehicle enters the modshrt time is
known. Origin and destinations zones are quantified within parking lots at
each origin and destination point within the model.

7. Destination Zoné The zone at which the vehicle exits the madekit time is

known.
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8. Time in network (sec) The amount of time each vehicle stays in the model.

9. Distance Traveled (fi) Distance traveled by each vehicle in the model.

Underthedirect outputab inVISSIM®, several types of data can be generated within the
output files depending on the type of research being conduStadethis research

involves the tracking of vehicles through a network from specific origins and
destinations, travel time evaluations for pre and pwstaged lansodel runs, and an
analysisof potential changes imodelledroute choiceafter the implementation of
dedicated access points to and from the Express tiameehicle record dataene

seleced with the parameters listed aboueis important tanakeensurehat the write to

file box is clicked for the data being collected/hen collecting vehicle record dathe
modeler can select specifattributesutilized for analysis. The eight variables selected

for analysis are shown abov#.is important to minimize the number of variables
selected for model runs because too many variables can lead to extended model run times

andhigher probabiliesof a potential model crash

7.2.2 Simulation Parameters

The simulation parameters include the simulation period, start time, simulation
resolution, random seed, random seed increment, dynamic assignment volume increment,
and simulation speeds:or this work, two specific time periods were analyzed, namely 5
A.M.- 8A.M. and 8A.M.-11 A.M. Since these time periods are both three hours
(10,,800seconds) in duration, the simulation period used j[80Dsecond&3 hours)

Each model run is also specified by the toll charged to vehicleshdusdo use the
manayed lane There are four model runs fromASM.- 8 A.M. at the $0, $.20, $.50, and
$1.00 per mileoll rates and four monmmodel runsfrom 8 A.M.-11 A.M. with the same
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toll rates. Therefore, eight model runs are needed for the Post Cosdhitigiationafter
themanaged lantacility has been installed, while tiReel managed laneondition only
requires model runs fromA.M. - 8 A.M. and 8A.M. T 11A.M. There is no tolling
component for therei managed laneodel runs. The simulation resolution used for this
work wasl0 stegs per secondThis level of resolution may not be necessary for most
projects but itwas employedince there was an interest in capturing short trips whose
total duration was less than two minutds track vehicle numbers in two different
models(pre and postas in this casdhe random seed should be set to the same walue
bothpre and postodels and the random seed increment should remain Ebeouse of
different random seedandomizesthe vehicle numbers and present barriers in

comparing thenodelledroute choiceof the same vehicle in two different models.

7.2.3 Importance of Testing

Testing model runs for one hour time periods proved invaluable and is
recommended even at the early stages of whritial testing withthree or six-hourruns
may be prohibitive in terms of tinend computer processing powemere is significant
value found in viewing the model while it runs for shorter time periods. Indications
about congestion in certain argmaay point to an issue with signal timing, insufficient
storage at intersections, problems with model geometry, pledreraof other potenal
issues.After the short model run is completed, an error file is generated wlhoeides
information about the areas of congesti@nort model runs may also indicate changes
that need to be made toodel geometrylane changing parametetsne of diffusion,
vehicle safety factors, simulation parameters, and dynamic assignment parameters. To

get an initial snapshot of how the model is working, it is not necessary to collect vehicle
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record data. After some corrections are made,should consideunning the model
again for an houandcollect vehicle record data fine tune the modelGoing through

this arduous process prior to the development of finalized runs batlgime and effort.

7.3 Model Run Data Components Vehicle Record Data

The research objectivaxamines whetheeduced access to tgeneralpurpose
laneexits for Express Lane motorists and the deployment of new dedicated access points
to and from the Express Laimapact modelledroute choiceand total travel time
Several data elements must be analyindabth the Prébeforemanaged lane
implementationand the Post Simulation Caseihin VISSIM®. A brief description of
the model elemenfsundwithin the Vehicle Record Datautputareprovided below for

context:

1. Simulation Second The number ofeconds in the simulatiann starting a0
seonds to the end of the simulation run g¢tggehours =10,800 seond9

2. Numberi The assigned Vecle number which remains the same across each
runif the random seedhlueremains the same with zero specified as the
random seed incremental value.

3. Lane/Link/Numbeii The corresponding link number¥iSSIM® along with
the lane where the vehicle is located at any point in time during the simulation
run.

4. Start Time (time of day) The time of day each vehicle enters the model

5. Speed (mphj The speeds of vehicles as they cross each link in the model.

6. Origin Zonei The zone at which the vehicbaters the modél start time is
known. Origin and destinations zones are quantified within parking lots at
each origin and destination point within the model.

7. Destination Zoné The zone at which the vehicle exits the madekit time is

known.
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8. Time in network(sec)i The amount of time each vehicle stays in the model

9. Distance Traveleft) i Distance traveled by each vehicle in the model.

Simulation resultsreanalyzed within theMP® statisticalsoftware for all model
runs The application of cost penalties and #xpected impact on travel time

savingsarediscussed in Section3.1 and Sectiory.3.2.

7.3.1 Applying Cost Penaltied/ithin Model Runs

The writer assumes thatotoristswould choosé¢o minimize thé trip cost especially
if they aretravelingto work during the AM. rush hour periods. The application of cost
penalties (tollgper milg along the Northwest Corridonanaged laneetworkprovidesa
way to analyse how route choice and travel time may chantijenew dedicated access
points and undatifferent cost penalties. The cost penalties applied for the models runs
are briefly described belofer the Post condition (after tieanaged laewas

implemented)

1. Model Run 1: $0 toll for using thraanaged lanfom 5A.M.-8 A.M.

2. Model Run 2: $0 toll for using th@anaged lanéom 8 A.M.-11 A.M.

3. Model Run3: $0.20toll per milefor using themanaged lan&om 5A.M.-8 A.M.

4. Model Run4: $0.20toll per milefor using thenanaged lanfom 8A.M.-11
AM.

5. Model Run5: $050 toll per mile for using thenanaged langom 5A.M.-8 A.M.

6. Model Run6: $050 toll per mile for using thenanaged lanffom 8A.M.-11
AM.

7. Model Run7: $1.00 toll per mile for using thenanaged lanfom 5A.M.-8 A.M.
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8. Model Run8: $1.00 toll per mile for using thenanaged langom 8 A.M.-11

A.M.

Forthe Pre Conditionsimulationwithout themanaged lanehere are no cost penalties
which would beapplied(as no toll exists)and Model Runs would collect the same
vehicle record dataThe signal timings, lane changing behavior, dynamic assignment
parameters, simulation parameters, and other settings are idenbo#h thepost and
pre-managed lanmodels For thepre-managed lan€ondition, the following runs are

performed, namely:

1. Model Run 1Collection of vehicle record dafeom 5A.M. 7 8 A.M. for the
entire network

2. Model Run 2:Collection of vehicle record dafeom S8A.M. T 11 A.M. for the
entire network

The cost penalties &0, $.20, $.50, and $1.00 per mile were appiiechpture any
potential changes imodelledroute choiceafter the implementation of the Northwest
Corridormanaged larse With trips originating fom 118 zonesthis work represents a
wide distribution of origins and destinations that paovideinsight on how much

t r a v anlay be wilBng to pay in exchange for some travel time saviiigss research
takes a wholistic view of the total travel time for trip origin to trip destination and
incorporates the impact of travel onearals. While the results of the stugye
explicated in Chaptes, it is unlikely that thenanaged lanes severelycongestedas that

phenomenon has not been observed empirically or throughauitthemodel rurs.
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7.3.2 Expected Impact of Cost Penalties

In examining the expected imparftcost penalties, it may be helpful to provide
some context on the capacity of thanaged laree As constructede ach o601 aned of
managed lanean carry a capacity of approximately 1200 veh/hr, so they are not
consideredhigh occupancy toHOT) lanes while the capacity of a freeway laagy.(l-

75) may carry at betweend®0-2,800 veh/hr/lane depending on network conditiohbe
highest levels of demand are expected betweiV6 - 8 A.M. with dissipation of

traffic starting tooccur beforé A.M. on thelnterstateand arterial®ncehome to work
trips have been completeost sections of-IF'5 are composed of six to eight lanes of
through traffic, so it is unlikely that more than one lane of traffic frefB tould divert
into the two lanes of thmanaged laneith capacity of 1200 veh/langhose total
capacity would be 2400 v#ir for both lanes. Furthermore, if such a situation were to
exist, themanaged laneould be at 100% capacity atikely be unable to handle
additional traffic. An assumption can be made that drivers are the most likely purchasers
of transponderslf the number of drivergoverthreemillion) who live within Fulton,
Gwinnett, DekalbCobb,Clayton, Cherokee, and Herncguntieswvere examing in
comparison to the number of active transponders, the transponder penetratrorefer
from those specific countias unlikely toexceed 4% if all candidatedrivers werdound
in the proposedetwork It is likely that only a small portion of this traffic woulde the

Northwest Corridomanaged lane

At $.20, $.50, or a $1.00 toll per mile, the decision to divert intonttieaged lanenay
depend in part on the overall length of the,tagount otraveltime savingstraffic

demand, anthe opportunity costs associated witlhking the choice to divert, especially
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at the $.50 and $1.00 per mile toll ratd$e opportunity costs associated with making
another choice become more prevalent as the tol petemile increasedAs thetoll rate
per mile increases, there is an expectationdbatand fothe managed landecreass.
Secondly, as mentioned above in the $0 per mile tolidiateissionit is expected that
diversioninto themanaged lanincreased it is offered free of chargandoffers some
travel time saving benefitf the managed lanbecomes corested without any travel
time benefits, theutilizing themanaged laneaynot be beneficial eveif provided at
no charge.Thirdly, even if themanaged landoes offer some travel time benefit, the
distance from thenanaged lanexit to thetrip destinatiormay impact thelecision
makingprocess talivert intothemanaged landue to potential delays attributed to
arterial traffic If, for instance, thenanaged lansaves five minutesf travel time, but
there is some delalgefore entering or after exiting tiheanaged landue to arterial
congestion, the probability of diverting into thenaged laneay decrease evénhough
some travel time savings are aamifor a small portion of the triwhile the driver
travels on thenanaged lanelf longer travel times from trip origin to trip destination
occureven when using thmanaged lanehis may indicate lower importance of travel
time savings Fourthly,there areonstraints on how many vehicles can divert into the
managed landue to its limited capacity. Fifthlyhere is an assumption thabtorists
are rational and make decisions to reduce their costs of tralvetemay be situations
whereconscious travalecisions are not actively being made to reduce the coatsijf
becausenotoristsnormallye i t her o6 almamagedléneus éneker 06

managed lane
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7.4 Proposed DataRelationships

To captureany potentialchanges irmodelledroute choiceafter the implementation

of the Northwest Corridamanaged lanet is important tantroducethe variables

examined within thelataanalysis Those relationshiparedefinedwithin small case

studies which depend on data provided within thehicle record data output from

VISSIM® in the following sectionsA list of variablesusedin the data analysis are

provided below, namely,

8.

9.

Simulation Second The number of seconds in the simulation run starting at 0
seconds to the end of the simulation run s fours = 7200 seondy

. Numberi The assigned vehicle number which remains the same across each run

if the random seed value remains the same with zero specified as the random seed
incremental value.

Lane/Link/Numbeii The corresponding link number¥iSSIM® along with the
lane where the vehicle is located at any point in time during the simulation run.

Start Time (time of dayi) The time of day each vehicle enters the model.

Speed (mph) The speeds of vehicles as they cross each link in the model.
Origin Zonei The zone at which the vehicle enters the modsthrt time is

known. Origin and destinations zones are quantified within parking lots at each

origin and destination point within the model.

Destination Zoné& The zone at which the vehicle exits the mddekit time is
known.

Time in network (sec) The amount of time each vehicle stays in the model.

Distance Traveled (ff) Distance traveled by each vehicle in the model.

The analysis foceson whether the implementation of thr@naged lanempacts total

travel timefor routes which utilizehe managed lanemeaning whether vehicles diverted

into themanaged lanelf diversioninto themanaged laneccurs this indicate a change
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in themodelledroute choice Origin-Destination trips are matched withifiSSIM®,
meaning that the same vehicles that made their trip prior to the implementation of the
managed lanare trackedhfter the implementation of theanaged laneia their
respective vehicle number$he respectivérip origins and destinatioeremain the same
both before and after the implementation ofrttenaged laneThe purpose of tracking
these vehicles is to ascertain whether their respective total traveftometrip origin to
trip destination chagedafter the implementation of theanaged laneThe difference in
travel timeds computed for both time periods of analysis, nam&k,M. i 8 A.M. and

8 A.M. T 11 A.M. for each tolling condition ($3.20, $.50, and $1.00) per mil&he

total travel timefrom trip origin to trip destinationan be tracked iWISSIM® for each
vehicle choosing thmanaged lanby taking the difference in either the time in network

(sec) or Simsec variablesVHSSIM® described above.

7.5 Summary

Chapter7 discusses the development of model runs for tolls per mile of $0, $.20,
$.50, and $1.00. An implicit assumption is made thatoristswho make longer trips
may be more willing to pay a tolSection7.1.1 briefly described the convergence
criterion employed for dynamic assignment, where the pre models converged at 80% for
travel time differences at subsequent runs, while therpastiged lanmodels
converged at 75%, probably due to the size of the model and the introduction of the
managed lanevhich alded more stochastic variation. Secti@ris2.descriledthe
modelruns which includesnodel runs beingnalysedy time of day and charged toll,
and some discussion about the importance of the time of diffusion and safety reduction

factor model results. Sectigi2 provided information about the model setup including
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dynamic assignment parameters, vehicle record data variables, simulation parameters,
and a recommended to perform short test runs prior to developing finalized model runs.
Section 7.3 addressed the application of cost penalties and their expected impact on
model resultsSection 7.4 defined some proposed relationships to be considered for
analysis, namely, consideration of travel time savings for trips by time of day and
expected impacts under heterogeneous tdlbapter7 sets the stage for the model

results, whicharepresented as a set of unique case studies in Cl@&apsexteen small

case studies are utilized for analysis as they provide a better picture aiduelied

route choicanay change as opposed to a series of graphs which cannot disentangle the
impact of arterial congestion, which leads to situations where positive and negative travel
time savings are accrued by vehicles utilizingrttenaged landuring both study time

periods.
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CHAPTER 8. CASE STUDY 1 MODEL RESULTS

8.1 Model Results Overview

The purpose of this worlk to analyze how location differences and potential travel
time differences resulting fre the new dedicated access points to and from the Express
Laneimpacst modelledroute choicewithin a simulatiorfrom trip origin to trip
destination after the implementation of the Northwest Cornadamaged lane
Importantly, after motorists enter the managed lane,¢hegotaccess general purpose
exits. Fr om t hi s poi nmanagediasass ased totdaseribet the tolincases
for the sake of redundancyhe simulationmodel resultgonsider both study time
periods (5A.M.-8 A.M., 8 A.M.-11 A.M.) and all toll rates per mile ($0, $.20, $.50, and

$1.00). The following questionareexamined through the model results:

1. Did vehicles which utilized thmanaged lantor a portion of their trigexperience
travel time savings?
2. How can the model results be used to develop tolling models which address left

entrancemanaged lananplementation®

The modekhows mixed results in terms of travel time savings from trip origin to trip
destination across all toll rates. In some cases, users ftteged lanexperienced no
travel time savings or negative travel time savings due to arterial congastion
slowdowns amanaged laniterstateentrances Interestingly a fewsituations arose
within the simulatiorwhere the same vehiclgilized a slightly differentpath to the same

destination under different toll penalties, likely in response to arterial congestion along
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the travel corridor.The resultareexplicated inthree case studi¢s ascertain whether
thereis significant variation for trip travel times across time of day and under
heterogeneous demand and toll rate charges per ke threemajorcase studies
consist of a total of 16 representative vehiclegerestingly the results indicate that in
certain instances the travel times for vehicles usingnidweaged laneere higher when
compared to the scenario without thanaged laneSince thenanaged laewas
relatively uncongested for most model
be attributed tdothcongestion along the arterial routes and queuing ah#reaged lane
entrancesDetailed analysis of the case stud&provided in Sectio.2, howevera
brief description of the case studfes each studied route for both thé\5Vl. - 8 A.M.
and 8A.M. - 11 A.M. time periodsareprovided belowfor vehicles that utilized the

managed lantor a portion of their trip

1. Case Studytl: Vehicleswhich enter the model atA5SB (Zone 10), just east of
themanaged lanentrynearHickory Grove Rad and exit at Fairground 18et
SB (Zone 54).

2. Case Study #2: Vehicles entering the model at Mai@e8Zone 96) which exit
at Powers Ferry &d NB (Zone 69)

3. Case Study #3: Vehidehat utilize the slip lanenanaged lanentryjust south of
Chastain Rad. This case captures vehiclieaveling from various origins and

destinations

Motoriststaking longer trips may care more abtrawel time savings, while shorter trips
may be takemvithout concern aboutavel time savingsThe respective total travel times

and travel time savings for vehicle trips in both the Pre andt®ltisg models were
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matched by vehicle numtsawithin VISSIM® for all casesThe random seed and random
seed increment used for the model runs were one and zero, respectively, to ensure that the

same vehicle numbers were used inahalysisacross model runs

Section8.2 provides descriptiors of the case studies, while further subsections
examinethe path progressions of short trips and long trips at various locations along the
corridorand provide representative case studies which trace the routes of vehicles which
utilized themanaged lanéor a portion of their trips The number of vehiclesediding to
themanaged laneere greatest atzeradollartoll, however, the greatest travel time
savings were typically not found at therodollartoll level due to increased demand for
themanaged lane&ections8.2 through8.4. provide results of thease studies and consist
of botha routing and tolling summary for each of the sixteen representative vehicles.
Section8.5 discusseshow datacollected from the vehicle record utilitgaybe used to
inform the development of tolling modelB®eriving an imputed VOT distribution is
beyond the scope of this woldecause sommotoriss experience negative travel time
savings when using thrmanaged laneVOT distributions would need to be modified to
account for the experience of negative travel time saviAgslitional information is
needed to adequately estimate their individual Values of Time (VOT) since the value of

time cannot béruly derivedthrough positive travel time savings.

8.2 Case Study Descriptions

The prevalence of negative travel time savifogseveralbrigin-destinationtrips
for users of thenanaged laneecessitatefirtheranalysis of the respective paths

followed bya representative portion of thi&0,000vehicles in the networkVISSIM®
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seeks to find an optimal route for all vehicles at the beginning of each simulatjorotun
on aturn-by-turn basisdue tothe impracticality of that decision making process
Providing routing choices attarn-by-turnlevel was not recommended in the literature.
The lane changing parameters, time of diffusion, car following models, and model
settings were identical in both the pre and pashaged lan¥1SSIM® models. While

an analysis o$everahundreds of vehiclpath progressions prohibitive, ithas been
useful to identify thi origins destinations, and patfa arepresentativeample of
vehicles experiencing both negative and positive travel time satarndentify some
behavioral patternr both the 5A.M. i 8 A.M. and 8A.M. 1 11 A.M. time periods
Throughout the model runs, the Northwest Corritb@naged larsexperienced some
speed slowdowns near Roswetid with excess available capacayailableunder all

tolling conditions

Thefirst routebegins at the northwestern boundary-@6EB (zone 10), approximately
three miles northwest of theanaged lanentrance at Hickory Grove Road. Vehicles
utilize themanaged lanentrance at Hickory Grove Road and travel to Fairgrourekest
SB (zone 54) into the area containing the military base, which serves as the primary
attractionof trips in that arearhis location is characterized by an origin represented by |
75SB, which terminates along an arterial route (Fairgrouref8B). The secontbute
examined begins at Mainr8etSB (Zone 96), just south of Kennesaw State University.
Vehicles enter thenanaged lanat the Big Shanty Road entrance, exitingrttenaged
laneat Roswell Road before proceeding to Powers Ferry Roaak 69) The area

where vehicles exit contaimsshopping malleating establishmés a Planet Fitness

gym, Avis Car Rental 8te, Goodwill Thrift Store, and the Andretti Driving Experience
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Vehicles can alspotentiallytravel through the mall area northboundrifalternate route
is neededo accesssresham Roadvhich is noffoundwithin the model boundariesThe
third route to be analyzadfor vehicles utilizing the slip lane entrance to thenaged
lang just south of Chastaindad. Trips from a variety of origins and destinati@ns
captured in this case to assess whether trip length may serve as a significant predictor of
travel time savingsResults fronthe managed lanmodelsare compared to the PRE
managed lanmodels to assess any routing changes and travel time savings that are
observed for the same perida ensure the validity of the data out@24 vehicletrips
were matchethetween the PREianaged lanend POSTmanaged lanmodelsthrough
checking the vehicle numbers, time of entry into the nmdeldensuring the same
vehicle origins and destinatioriBhe number of vehicle tripsasorganizedoy bothroute

and time perioslas shown below

1. 1-75SB to Fairground 8tetSB (31 trips from 5A.M.-8 A.M., 23 trips from 8
AM.-11A.M.)

2. Main SteetSB to Powers Ferrydad NB (95 trips from 5A.M.-8 A.M., 80 trips
from 8A.M.-11A.M.)

3. Vehicles that utilize the slip lameanaged lanentry just south of Chastaimgl
without respect to origin or destinatio#d(trips from 5A.M.- 8 A.M., 74 trips

from 8A.M. - 11A.M.)

Sixteenvehicleswhich took a total 080 representativérips, areselected for analysis to
achieve some level of brevity since providing hundreds of tables and graphs would be
prohibitive.Section8.2.1 provide a description of therganization of the case studies

Appendix A includs selected SpeeahdDistancevs. timeplots for the Prenanaged lane
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and Tolled cases. Presenteighty additional graphs within éhAppendixmay not add

significant value

8.2.1 Organization of Case Studies

For each case studye vehicle number, time of day at which the vehicle started
their trip, description of the pathaveledfrom origin to destination, total travel time, and
the respective travel times vehicles spend on the artdrisdsstate andmanaged lane
areused to describe each trip. Additionally, the proportion of the total travelttanel
distance and average speeds arterials|nterstats, and thenanaged lanare
guantified. If the % travel distance for a specific facility (arterial, ML Joterstate is
small but the % travel time is exceeding large, some conclusions can be made about
averages speeddong certain sections of each route. These paranagtfesatured in
the discussion of the analysi§he following parameterarequantifiedon all facilities
(arterial, Interstatemanaged larje namely, the distance and travel times, travel time and
distance share percentages, average speeds, and travel time savings dddosses.
SpeedandDistancevs. timeplots forsome casegresentedreincluded in AppendiA,

as thetotal amount of graphs would be unnecessarily exhaustive

8.2.2 Case StudyX |-75 SB to Fairground &et(5 A M-8 A.M)

Vehicles 85902nd86065were selected for analysis as they were part of a subset
of vehicles which utilized themanaged lanat each of the five toll rates charged per mile
(%0, $.20, $.50, and $1.08hd are a good representation of theéhicle tripsinitially
chosen for analysduring the SA.M. T 8 A.M. time period. This area was of interest to
the researcher as all vehiclghich exitedat Fairground St entered a military installation
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with only one apparent entrance (just south of South Cobb Diiheye were several
cases when vehicles chose thanaged lanat the $0/mile rate for this route atiebn
abandoned use of timeanaged lanence aealtoll penaltygreater thai$0 per milewas
implemented Those trips do not provide fertile ground ttailedanalysisas their
modelledroute choiceeannot be estimated under heterogeneous tolling conditidres
results include the distance and travel time share percentageeged as decimals) to
guantify the amount of travel time and distance vehicles spent on all facilities (arterial,

Interstate ML) before and after the implementation of thanaged lane

8.2.3 Vehicle 85902RoutingProgression

For thepreemanaged lanease, Vehicle 85902 entered the model at 6:38:58
with the following route progressionThe vehicle begins its trip aZ/b SB until taking
the F75 SBexit ramp toward the Canton Connector, traveling southbound on Church
Street until making a SB right onto Waverly Way, then making a right turn onto Atlanta
St until reaching the intersection with S Cobb Drive, where the vehicle makes a left turn

onto S Cobb Bive EB, then turning right onto Fairground St SB and terminating.

Forall thePOSTmanaged laneasesyYehicle85902begins its trip at-F'5SB, entering
themanaged lanat Hickory Grove Road, then exits thranaged lanat Roswell Rd,
traveling westbound on Roswell Road until making a left turn onto Winters Street SB,
then enters Waverly Way EB, making a right turn onto AtlantaBstintil it reaches the
intersection with South Cobb Drive, making a left onto South Cobb Drive EB, and finally
making a right turn onto Fairground St SB and terminating the After the

implementation oflte $0, $.20, $.50, and $1.00 per mile toWfghicle 85902 did not vary
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its modelledroute choice The differences imodelledroute choicéetween the PRE

and POST conditions boiled down to the vehicle utilizing the Canton Connector-from |

75 SB to Church Street, eventually accessing South Cobb Drive towards Fairground St as
opposed t@ccessing thenanaged lanat Hickory Grove, then exiting threanaged lane

at Roswell ®ad towards Atlanta $etSB towards South Cobb Drive. The following
sectiors detail some evaluation metrics, including distance, travel time, and average

speed for each facility (arteridhterstatemanaged lane

8.2.4 Vehicle 85902Tolling Summary

The tolling summaryn Table 13provides thdravel distances, travel times, and
average speeds for Vehicle 85902 across each fgtiltgrstate arterial, andnanaged
lang. In addition, the evaluation variables of trip share travel times and distances were
introduced to capture the percentage of time and disterpesesed as a decimal)

Vehicle #85902 spent on each facility.

Table 13: Tolling Summary - Vehicle 85902

Tolling Summary (5 A.M. -8 A.M.) PRE Otoll | 20toll | 50 toll | 100 toll
Vehicle # 85902 | 85902 | 85902 | 85902 | 85902
Arterial Distance (mile) 3.63 3.84 3.83 3.83 3.83
Interstate Distance (mile) 11.25 3.47 3.47 3.46 3.46
managed laneDistance (miles) X 10.07 | 10.07 | 10.08 | 10.07
Total Distance (miles) 1487 | 17.37 | 17.37 | 17.37 | 17.37
Arterial Travel Time ( minutes) 6.95 7.22 6.75 8.00 10.68
Interstate Travel Time (minutes) 10.92 5.79 6.34 7.49 5.60
ML Travel Time ( minutes) X 10.27 | 10.73 | 12.37 | 11.07
Total Travel Time (minutes) 17.87 | 23.27 | 23.82 | 27.85 | 27.35
Arterial Trip Share Distance 0.24 0.22 0.22 0.22 0.22
Interstate Trip Share Distance 0.76 0.20 0.20 0.20 0.20
ML Trip Share Distance X 0.58 0.58 0.58 0.58
Arterial Trip Share Travel Time 0.39 0.31 0.28 0.29 0.39
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Interstate Trip Share Travel Time 0.61 0.25 0.27 0.27 0.20

ML Trip Share Travel Time X 0.44 0.45 0.44 0.40
Average Speed Total Trip (mph) 49.93 | 44.78 | 43.73 | 37.40 | 38.12
Average Speed Interstate (mph) 61.77 | 3598 | 32.85 | 27.75 | 37.20
Average Speed Arterials (mph) 31.30 | 31.91 | 34.04 | 28.74 | 21.53
Average Speed managed langmph) X 58.81 | 56.27 | 48.86 | 54.60
Travel Time Savings (minutes) X -5.40 -5.95 -9.98 -9.48
Time of Entry (A.M.) 6:33:58 | 6:38:16| 6:37:38| 6:37:07| 6:38:28

Vehicle 85902: Distance Traveled vs. Travel Time in Network
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Figure 31 Vehicle 85902 Distance vs. Time Plot

For instance, Table3lshows that in there-managed lanease, Vehicle #85902 spent
76% of its total travel distance dmterstats, while under all thenanaged lan®lling

cases, only 20% of the total travel distance was spent traveliimgesstats,

representing a 56% diversion of traffic frdmerstats after the implementation of the
managed lanand a corresponding, however, small diversion of 2% from arterials to the

managed lanelnterestingly, thg@re-managed lanease showed an averagéeerstate

213



speed along-T5 of approximately 61.77 mph, however, after the implementation of the
managed langhese averagaterstatespeeds were reduced significantly. This slowdown
can be attributed to vehicles participating in merging and lane changing behaviors in
advance of thenanaged lanentrance at Hickory Grove Road. The geometric constraints
imposed by locating themanaged lanentrance on the leftand side of thénterstatemay
have led to variability in speeds between the leading and the followingesRigure
31above displays the Distance vs. Time plots apteeananaged lanand tolled cases
where travel times varied from 17.87 minutes in therPaaged lanease and 23.27
minutes 23.82 mimites 27.85 mimtes and 27.35 miatesfor the $0, $.20, $.50, and
$1.00 per mile toltasesAnother distinction unique to this case was the disttnaveled
onl-75in thepre-managed lanease was 11.25 miles with high average speeds as
opposed to 3.47 miles of distartcaveledfor the tolled cases he speeds along arterial
routes were not significagtdifferent, except in the case of the $1.00/mile toll which is
attributed to reduced speeds along Roswell Road after exitimgahaged laneAnother
factor impacting travel time savings is the total distarmeeledin thepre-managed lane
case (14.87 miles) as opposed to an additional 2.5 tralesledafter the implementation
of themanaged larsg(17.37 miles) The extra distanceaveleddoes impact the
probability of travel time savingsFor this specific case, Vehicle #85902, travel time
lossedetween 5.4 and 9.48 minutes may be due to the redinteestatespeeds after
managed lanenplementation and the extra travel distaneeded to reach the
destination Changes in arterial speeds or arterial distance share were not significantly

different for either th@remanagedr the tolled cases.
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8.2.5 Vehicle 86065: Routing Progression

The origin(I-75SB just west of Hickory Grove Road) and destination (Fairground
StreetSB) remain the same. Vehicle 86065 entered the model at 6 4ANB%wvith the
following route progressioim the PreCase The vehicle begins its trip ai/b SB until
taking the 475 SB ramp toward the Canton Connector, traveling southbound on Church
Street until making a SB right onto Waverly Way, then making a right turn onto Atlanta
St traveling SB, then making a leftito South Marietta Parkway he vehicle travels
along South Marietta@kwayEB whereit turns right onto Fairground &etSB and
terminaes. This routing progression is slightly different than that of Vehicle #85902
given the decision to utilize South Marietta Parkway as opposed to traveling down
Atlanta Street and turning left onto South Cobb Drive to access Fairgrowed $or
themanaged laneasesyehicle 86065 starts its journey af'h SB, accessing the
managed lanat Hickory Grove Road entrance, traveling to the Roswell Ruathged
laneexit, then traveling westbound on Roswell Road to the intersection with Fairground
St. Vehcle 86065 then turns left onto Fairgroundest traveling SB and then
terminates. There is some difference in routing with Vehicle 85902 where the vehicle

traveledSB on Atlanta Stet accessing Fairground St from South Cobb Drive.

8.2.6 Vehicle 86065: Tolling Summary

The tolling summary iMable 14provides the travel distances, travel times, and
average speeds for Vehicle 86065 across each fadiltgrgtate arterial, anananaged
lane. Table ¥ shows that in there-managed lanease, Vehicle 86065 spent 75% of its

total travel distance oimterstate and 25% on arterial routeghile under all tolling
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regimes only 22% of the total travel distance was spent travelinigtenstats,
representing a 53% diversion of traffic frdnterstats after the implementation of the
managed lanand a corresponding, however, small divergibnine percenfrom

arterials to thenanaged lane

Table 14: Tolling Summary - Vehicle 86065

Tolling Summary (5 A.M. -8 AM.) PRE Otoll | 20toll | 50 toll | 100 toll
Vehicle # 86065 | 86065 | 86065 | 86065 | 86065
Arterial Distance (mile) 3.70 2.27 2.27 2.27 2.27
Interstate Distance (mile) 11.26 3.47 3.47 3.47 3.47
managed laneDistance (miles) X 10.07 | 10.06 | 10.07 | 10.07
Total Distance (miles) 1496 | 15.80 | 15.80 | 15.80 | 15.81
Arterial Travel Time ( minutes) 9.87 9.77 8.15 8.83 8.78
Interstate Travel Time (minutes) 10.80 7.76 6.83 7.79 6.96
ML Travel Time ( minutes) X 12.43 | 11.65 | 13.57 | 14.17
Total Travel Time (minutes) 20.67 | 29.96 | 26.63 | 30.19 | 29.91
Arterial Trip Share Distance 0.25 0.14 0.14 0.14 0.14
Interstate Trip Share Distance 0.75 0.22 0.22 0.22 0.22
ML Trip Share Distance X 0.64 0.64 0.64 0.64
Arterial Trip Share Travel Time 0.48 0.33 0.31 0.29 0.29
Interstate Trip Share Travel Time 0.52 0.26 0.26 0.26 0.23
ML Trip Share Travel Time X 0.42 0.44 0.45 0.47
Average Speed Total Trip (mph) 43.42 | 31.66 | 3562 | 31.41 | 31.73
Average Speed Interstate (mph) 62.48 | 26.82 | 30.50 | 26.71 | 29.90
Average Speed Arterials (mph) 2253 | 1396 | 16.75 | 1540 | 1554
Average Speed managed langmph) X 48.58 | 51.83 | 44.55 | 42.64
Travel Time Savings (inutes) X -9.29 -5.96 -9.52 -9.24
Time of Entry (A.M.) 6:41:37 | 6:48:25( 6:48:39| 6:48:11| 6:48:35
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Vehicle 86065: Distance Traveled vs. Travel Time in Network
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Figure 32 Vehicle 86065 Distance vs. Time plot

Interestingly, thgoremanagedanecase showed an averdgeerstatespeed along-¥5 of
approximately 62.48 mph, however, after the implementation aghtreaged langhese
averagdnterstatespeeds were reduced significantKurterial speeds were alsix to
ninemph slower under the tolled cases thanpiteemanagedanecaseas indicated in
Figure 32 where the travel times in network are significantly differertept forthe

$.20 toll per mile caseGiven that the time of entry for theanaged laneases was
approximately 6:48am and arterial travel timestai@ to threeminutes higher to traverse
the same 3.47 mile arterial, the congestion along Roswell Road got significantly worse
once Vehicle 86065 exited timeanaged lanat Roswell Rad between 7:0A.M. and
7:10A.M., depending on the tolling regimé&ravel time losses at the $0, $.20, $.50, and
$1.00 per mile toll were 9.29 mites 5.96 miutes 9.52 mirutes and 9.24 miates

respectivelymanaged lanspeeds were approximatdbur to twelvemph lower when
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compared tananaged lanspeeds for Vehicle 85902. At the $.20/mile tolling level,
travel time losses were reduced to approximately 6 minutes anartaged lanspeeds
of 51.83 mph, ghreemph toninemph increase over the other tolling regint&sce
arterial andnterstatespeeds were both lower under each tolling regime, travel time

losses resulted.

8.2.7 Case Study #IL75 SB to Fairground 8etSB(8 A.M.T7 11 A.M.)

Vehicles79549and &386utilized themanaged lanat each of the five toll rates
charged per mile ($0, $.20, $.50, and $1f60}he same origin and destination noted in
case study laThese vehicleare a good representation of g@mplechosen for analysis
during theB A.M. T 11 A.M. time period. There werenly a fewcases when vehicles
chose thenanaged lanat the $0/mile rate artienabandoned use of tmeanaged lane

once a tolpenaltywas implementeduring the 8A.M. T 11 A.M. periodof analysis

8.2.8 Routing Progressian Vehiclet 79549and Vehiclé 80386

Thesevehicles started its trip on-'5 SB, exitedat the 75 SB exit towards the
Canton Connector, turned right onto Waverly Way and then right onto Atlaett St
before turning left onto S. Cobb Drive towards Fairgroumnde38B where the trip
terminatedor thepremanagedanecase Themanaged laneases ($0, $.20, $.50, and
$1.00 toll level} utilize the same path for vehicle 79588ginning its trip at-75SB near
Hickory Grove Rd, entering the ML exit at Hickory GroveeR, traveling on the ML
until the Roswell Rad exit, exiting onto RosweRoad WB until the intersection with

Fairground St, where it travels SB and terminates just south after passing S. Cobb Drive.
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8.2.9 Tolling Summary: Vehicle 79549

The tolling summary in Tabl#5 provides the travel distances, travel times, and
average speeds for Vehicdl®549across each facilitylifterstate arterial, andnanaged

lang.

Table 15: Tolling Summary - Vehicle 79549

Tolling Summary (8AM. 1 11A.M.) PRE 0 toll 20 toll | 50toll | 100 toll
Vehicle # 79549 | 79549 | 79549 | 79549 | 79549
Arterial Distance (mile) 4.49 2.27 2.26 2.27 2.27
Interstate Distance (mile) 10.38 3.46 3.47 3.46 3.47
managed laneDistance (miles) XX 10.08 10.07 10.08 10.07
Total Distance (miles) 14.87 15.81 15.80 15.81 15.81
Arterial Travel Time ( minutes) 13.08 8.22 6.52 7.03 8.25
Interstate Travel Time (minutes) 10.88 11.06 9.75 10.94 | 10.89
ML Travel Time ( minutes) XX 11.28 11.20 12.62 11.58
Total Travel Time (minutes) 23.97 30.56 27.46 30.59 | 30.73
Arterial Trip Share Distance 0.30 0.14 0.14 0.14 0.14
Interstate Trip Share Distance 0.70 0.22 0.22 0.22 0.22
ML Trip Share Distance XX 0.64 0.64 0.64 0.64
Arterial Trip Share Travel Time 0.55 0.27 0.24 0.23 0.27
Interstate Trip Share Travel Time 0.45 0.36 0.35 0.36 0.35
ML Trip Share Travel Time XX 0.37 0.41 0.41 0.38
Average Speed Total Trip (mph) 37.24 31.04 34.53 31.01 30.87
Average Speed Interstate (mph) 57.23 18.80 | 21.38 18.99 19.13
Average Speed Arterials (mph) 20.59 16.58 20.85 19.38 16.51
Average Speed managed langmph) XX 53.65 | 53.92 | 4791 | 52.14
Travel Time Savings(minutes) XX -6.59 -3.50 -6.63 -6.76
Time of Entry (A.M.) 8:25:32 | 8:36:43 | 8:36:32 | 8:36:41 | 8:36:33

Table 15shows that in thpre-managed lanease, Vehicle #9549spent D% of its total
travel distance omterstats and30% on arterial routes, while under all tolling regimes,
only 22% of the total travel distance was spent travelingnterstats, representing a
48% diversion of traffic fromnterstats after the implementation of theanaged lane

and a corresponding, howevegrsficant diversion 0f64% of travel distanceliverted to
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themanaged lani all the tolled casesinterstatadistanceraveledfor the toll cases
were 2.27 miles as opposed to 10.38 miles irptkegnanagedanecase. Interestingly
thepre-managed lanease showed an averadgeerstatespeed along-¥5 of
approximately67.23mphover thel0.38mile distance however, after the
implementation of thenanaged langhese averagaterstatespeeds were reduced
significantly for the tolled cases due to queueing the entrance tadhaged lanas
vehiclesmergedfrom right to lefttowards themanaged lanentrance.At the $0.20 toll
level, the travel time loss is the lowest due to improved average arterialamabed lane
speeds. While not conclusiveappears that the $.20 toll mgield a more optimal
situation for travel time savingpotentially becausiavel demand in themanaged lane
increasesignificantlyat the $0 toll level, which would be expected to reduce travel time

savings.
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Vehicle 79549: Distance vs. Travel Time in Networl
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Figure 33: Vehicle 79549 Distance vs. Time plot

Since thdnterstatedistance under the tolled cases was @6 miles, which represents

the distance from trip origin to theanaged lanentry point,averagdnterstatespeeds
wereimpacted due to queueing at tnanaged lanentry point Figure 33shows tlat the

$.20 toll case appears to be the optimal tolling case, having only a 3.50 travel time saving
loss. Average aerial speeds weneduced by abodour mphslower undeall tolled
casesexcept th0-centtoll level, where the average arterial speeds were slightly higher
as shown in Table 18Travel time losses at the $0, $.20, $.50, and $1.00 per mile toll
were6.59 minutes 3.50minutes 6.63minutes and6.76 minutesdespitebeing64% of

the travel distance being diverted to thanaged lanm all tolled cases The queueing
experienced by Vehicle 79549 oi7% SBjust wes the ML entrywas primarily

responsible for the negative travel time savingse Distance vs. Time plabove shows

gueueingrom 100-450 seconds after Vehicle 795d8teredhe model.
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8.2.10 Tolling Summary: Vehicle 80386

The plling summaryfor Vehicle #80386 is provided belaw Tablel16. The
tolling summaryshownin Table B provides the travel distances, travel times, and
average speeds for Vehicle 80386 across each fadiitgrgtate arterial, andnanaged
lang. Table 19 shows that in tipee-managed lanease, Vehicle 80386 spent 70% of its
total travel distance oimterstats and 30% on arterial routes, while under all tolling
regimes, only 22% of the total travel distance was spent travelifrgerstats,
representing a 48% diversion of traffic frdnerstats after the implementation of the
managd laneand a corresponding, however, significant diversion of 64% of travel

distance diverted to theanaged lani all the tolled cases.

Table 16: Tolling Summary-Vehicle 80386

Tolling Summary 8 A.M.-11A.M. PRE 0 toll 20 toll 50 toll | 100 toll
Vehicle # 80386 | 80386 | 80386 | 80386 | 80386
Arterial Distance (mile) 4.52 2.28 2.28 2.28 2.29
Interstate Distance (mile) 10.36 3.46 3.46 3.47 3.46
managed laneDistance (miles) XX 10.06 10.06 10.05 10.06
Total Distance (miles) 14.88 15.80 15.80 15.80 15.81
Arterial Travel Time ( minutes) 14.40 9.03 10.35 7.22 8.10
Interstate Travel Time (minutes) 9.99 20.08 18.46 18.78 20.39
ML Travel Time ( minutes) XX 10.87 10.77 10.42 11.50
Total Travel Time (minutes) 24.39 39.98 39.58 36.41 39.99
Arterial Trip Share Distance 0.30 0.14 0.14 0.14 0.14
Interstate Trip Share Distance 0.70 0.22 0.22 0.22 0.22
ML Trip Share Distance XX 0.64 0.64 0.64 0.64
Arterial Trip Share Travel Time 0.59 0.23 0.26 0.20 0.20
Interstate Trip Share Travel Time 0.41 0.50 0.47 0.52 0.51
ML Trip Share Travel Time XX 0.27 0.27 0.29 0.29
Average Speed Total Trip (mph) 36.59 23.71 23.96 26.05 23.72
Average Speed Interstate (mph) 62.20 10.35 11.28 11.10 10.20
Average Speed Arterials (mph) 18.81 15.11 13.10 18.96 16.90
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Average Speed managed langmph) XX 55.52 55.98 57.86 52.46
Travel Time Savings XX -15.59 | -15.18 | -12.02 | -15.59
Time of Entry (A.M.) 9:09:37| 9:25:29 | 9:25:54 | 9:25:46 | 9:25:31

Interstatedistanceraveledfor the toll cases were B2niles as opposed to 1@.&iles in
the preemanaged lanease. Interestingly, thgore-managed lanease showed an average
Interstatespeed along-¥5 of approximately2.20mph over the 10@mile distance,
however, after the implementation of tmanaged landhese averagaterstatespeeds
were reduced significantly for the tolled cases due to queueing the entrance to the
managed lanas vehicles merged from right to left towardsienaged lanentrance.
Since thdnterstatedistance under the tolled cases was @6 miles, which represents
the distance frontip origin to themanaged lanentry point, averagkterstatespeeds
were impacted due to queueing atth@naged lanentry point. As shown below in
Figure 38 for Vehicle 80386, the time in network increases fronr@P00seconds in the
model and represents queuing that occurs just west afdhaged lanentrance at
Hickory Road despite the charged toll rafdter entering thananaged lane/ehicle
80386traveledon themanaged lantor 10.06 miles at speeds betweerZ&mph.
Average arterial speeds wedheee to fivemph slower under all tolled cases, except the

50-cent toll level, where the average arterial sgaweetre slightly higher.
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Vehicle 80386: Distance Traveled vs. Travel Time in Network
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Figure 34: Vehicle 80386 Distance vs. Time plot

Travel time losses at the $0, $.20, $.50, and $1.00 per mile toll were 15.5@%115.18
minutes 12.02 mimites and 15.59 mintesdespite 64% of the travel distance being
diverted to themanaged lani all tolled casesA confounding factor in this case is the
sixteenminute gap that exists from the time Vehicle 80386 entered the model in the Pre
Case compared to the Posanaged lanease. While Vehicle 80386 has the same origin
and destination in the Pre and Post cases, changes to demand withixteeaminute

gap could exacerbate the travel time los$bs.intensivequeueing experienced by
Vehicle803860n I-75 SB just west the ML entry was primarily responsible for the

negative travel time savings indicated by the horizontal displacement betweepréae
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managednd tolled cases shownkigure 34 The queues continued to grow in this area

from around 820am even before Vehicle 79549 entered the model.

8.3 Case Study #2 Description

Case Study 2 examines trips which originate on Main Street and exit at Powers
Ferry Rd travelingnorthbound This route examined begins at Maime®tSB (Zone
96), just south of Kennesaw State University. Vehicles enten#imaged lanat the Big
Shanty Road entrance, exiting tinanaged lanat Roswell Road before proceeding to
Powers Ferry Road (Zone 69). The area where vehicles exit contains a shopping mall,
eating establishments, a Planet Fithess gym, Avis Car Rental Store, Goodwill Thrift
Store, ad the AndrettDriving Experience.The routes and travel characteristics for
Vehicles28052,28105,28274areanalyzed for the B.M.- 8 A.M. time period, while
the 8A.M. - 11 A.M. time period feature Vehicles 26314, 26327, andb@s.
Interestingly,unlike Case 1, almost all tolled routes experienced travel time savings after

the implementation of theanaged lane

8.3.1 Routing ProgressionSase#2 Main Steetto Powers Ferry Bad (5 A.M.-8 A.M.)

For thepremanagedanecase, Vehicles 28052, 28105, and 28274 utilized the
same path. These vehicksrted their trip on Main Stregaveling southboundust
south of Kennesaw State University, tleemtinuel traveling southbound ddld
Highway 41, themaking a righbn Kennesaw Avenue Sitil the intersection with
Church St The vehiclesgraveledsouthboundo Roswell Road, turning right onto
Roswell Poad EB, therfinally turning leftonto Powers FerriRoadNB into the mall
area. Since the route progressions (path) were identical at the $0, $.20, $.50, and $1.00
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toll rates for these vehicles in the Pogtnaged laneases, a synopsis of the path
provided. Vehicles 28052, 28105, and 28274 began their trip on Main Street SB, just
south of Kennesaw State Universigyd then made a southbound left oiiwCollum
Parkway EB which becomes Chastaima® The vehicles continue traveling onto
Chastain Rad EB until the intersection with Big Shantp&l. At Big Shanty Road, the
vehicles travel southbound and accessiheaged lanat Big Shanty Road. The
vehicles therenter thananaged lanand travel to thenanaged lanexit at Roswell

Road, where the vehicles turn left onto Roswedie® EB. From Roswell Bad EB, the

vehicles turn left onto Powers FeRRpadnorthbound where the trigrminates

8.3.2 Tolling Summary Vehicle 28052

The plling summary inTable17 provides the travel distances, travel times, and
average speeds for Vehi@8052across each facilitylifterstate arterial, andnanaged
lang. The tolling summary reveals an interesting phenomenon, namely, the simulation
runs did not recommenidterstateravel for the entirety of the trip from Main St. SB to

Powers Ferry NB.

Table 17: Tolling Summary - Vehicle 28052

Tolling Summary 5A.M. - 8A.M. PRE 0 toll 20 toll | 50 toll | 100 toll

Vehicle # 28052 | 28052 | 28052 | 28052 | 28052
Arterial Distance (mile) 8.39 3.34 3.35 3.36 3.35
Interstate Distance (mile) 0.00 0.00 0.00 0.00 0.00
managed laneDistance (miles) 0.00 6.30 6.31 6.30 6.31
Total Distance (miles) 8.39 9.65 9.65 9.66 9.66
Arterial Travel Time (. minutes) 23.70 10.37 8.65 10.20 9.15

Interstate Travel Time (minutes) X X X X X

ML Travel Time ( minutes) 0.00 8.13 10.20 8.28 9.33
Total Travel Time (minutes) 23.70 18.50 18.85 18.48 18.48
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Arterial Trip Share Distance 1.00 0.35 0.35 0.35 0.35
Interstate Trip Share Distance 0.00 0.00 0.00 0.00 0.00
ML Trip Share Distance 0.00 0.65 0.65 0.65 0.65
Arterial Trip Share Travel Time 1.00 0.56 0.46 0.55 0.50
Interstate Trip Share Travel Time 0.00 0.00 0.00 0.00 0.00
ML Trip Share Travel Time 0.00 0.44 0.54 0.45 0.50
Average Speed Total Trip (mph) 21.25 31.29 30.73 31.35 31.35
Average Speed Interstate (mph) X X X X X
Average Speed Arterials (mph) 21.25 19.35 23.21 19.74 21.94
Average Speed managed langmph) X 46.50 37.08 45.62 40.55
Travel Time Savings (inutes) X 5.20 4.85 5.22 5.22
Time of Entry (A.M.) 6:54:37 | 6:54:37 | 6:54:37 | 6:54:37 | 6:54:37

The route chosen purely consisted of travel on arterials andahaged lantavel.

Arterial speeds did not differ significantly between pnemanagedanecase and all the
tolled cases as the arterial trip share distance represents 35% of total travel didtance.
primary reason for th&.85minutetravel time saving in th20-centtoll per mile case are
the reduced speeds on thanaged lanehich differ as much asinemiles per hour

when compared to the $0 toll cada.examining the data for the $0.20/mile case, the
managed lanspeeds were slowest as the vehicle was trying to exim#maged lanat
Roswell Road. This slight backup onto thanaged lanprimarily accounted for

reduced speed for thimse For the tolled cases, there is no reason to believe that the
presence of thmanaged lansignificantly impacted arterial speeds along the trip route.
Another significant factor impéiag travel time savings is the reduction in arterial travel
distance when comparing the Pre case (8.39 miles vs. 3.35 n38leg)ly stated, average
speeds on arterial routes were approximately 21.25 mph throughout the tripie-the
managedanecase. After the implementation of thranaged larg this vehicle spent

65% of its travel distance utilizing tlleanaged laneThereforeprior to the
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implementation of thenanaged lanehis route utilized arterial roads for 100% of the

trip.
Vehicle 28052 Distance Traveled vs. Travel Time in Network

12

10
Q@
E

- 8
<@
(0]
3

= 6
3
c

8 4
0
o

2

0

0 200 400 600 800 1000 1200 1400 1600

Time in Network (sec)

PRE Distance Traveled vs. Travel Time in Networl® Distance Traveled vs. Travel Time in Network O cent
Distance Traveled vs. Travel Time in Network 20 ceridistance Traveled vs. Travel Time in Network 50 cent

@ Distance Traveled vs. Travel Time in Network 100 cent

Figure 35: Vehicle 28052 Distance vs Time plot

However, after the implementation of imranaged lane5% of the travel was diverted
to themanaged lan&om arterial roads traveling at significantly higher speeds.
Therefore, this diversion was the primary determinant that led to travel time savings.
Even though trip distance increased by 1.26 miles for travellers utilizingahaged
lanewhen compared to theme-managedanecase, travel time savings are shown to be
5.20minutes 4.85minutes 5.22minutes and 5.22ninutesfor the $0, $0.20, $0.5@nd

$1.00 tolled casesAs shown above ifrigure35, the Distance vs. Time plot of Vehicle#
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28052 shows that the tolled cases complete the total 9.66 mile trip in less than 19
minutes, while it takes almost 24 minutes for the 8.39 mile trip to be completed in the Pre
managed lanease. Observations from theemanagedanespeed data show expected
slowdowns approaching signalized intersections along the corridor route and significant
speed reductions along Roswetd, where signals are more closely spaced. For the
managed laneases, there are some speed reductions on Maet&td when veisles

travel along Big Shanty é&d towards thenanaged lanentrance. As Vehicle 28052

enters thenanaged lanexit ramp at Roswell &, as vehicles are queued at the
intersection at Roswelld&d. As Vehicle 28052 travels on Roswelhdd EB towards

Powers Ferry Bad, speeds increase to approximately 30 miplexamining the speed

data for thgoremanagedanecase, average speeds along Old HighdhyKennesaw
Avenue, and Roswell Road averaged around 32 mph, neglecting the stoppages at
signalized interseiins. After the implementation of tmeanaged lanespeeds along
arterials changed minimally, however, the diversion of 65% of the travel distance to the

managed laneontributed significantly to travel time savings as shown in Tahle

8.3.3 Tolling Summary Vehicle 28105

The tolling summary iMable18 provides the travel distances, travel times, and
average speeds for VehiclelZ® across each facilityirfterstate arterial, anananaged

lane.
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Table 18: Tolling Summary - Vehicle 28105

Tolling Summary 5 A.M. -8 A.M. PRE | Ocent | 20 cent| 50 cent| 100 cent
Vehicle # 28105 | 28105 | 28105 | 28105 | 28105
Arterial Distance (mile) 8.40 3.35 3.34 3.34 3.34
Interstate Distance (mile) 0.00 0.00 0.00 0.00 0.00
managed laneDistance (miles) 0.00 6.31 6.31 6.31 6.31
Total Distance (miles) 8.40 9.65 9.64 9.65 9.65
Arterial Travel Timerfinutes) 20.00 9.92 7.97 7.83 10.08
Interstate Travel Time ifhinutes) X X X X X
ML Travel Timerfinutes) 0.00 11.87 | 10.10 | 10.22 11.67
Total Travel Timerfiinutes) 20.00 | 21.78 | 18.07 | 18.05 21.75

Arterial Trip Share Distance 100.00| 0.35 0.35 0.35 0.35
Interstate Trip Share Distance 0.00 0.00 0.00 0.00 0.00
ML Trip Share Distance 0.00 0.65 0.65 0.65 0.65
Arterial Trip Share Travel Time | 100.00| 0.46 0.44 0.43 0.46
Interstate Trip Share Travel Time | 0.00 0.00 0.00 0.00 0.00

ML Trip Share Travel Time 0.00 0.54 0.56 0.57 0.54
Average Speed Total Trip (mph)| 25.20 | 26.59 | 32.03 | 32.08 | 26.62
Average SpeedInterstate (mph) X X X X X

Average SpeedArterials (mph) 25.20 | 20.25 | 25.15 | 25.61 19.89

Average Speedmanaged langmph) X 31.89 | 37.46 | 33.13 | 32.44

Travel Time Savingsninutes) X -1.78 1.93 1.95 -1.75
Time of Entry A.M.) 7:05:12| 7:06:25]| 7:06:25| 7:06:25( 7:06:25

Thetolling summaryaboveshows a reduction in travel time savings, which is attributed

to increasing congestion within theanaged lanaetwork. In reviewing the tolling

summaries for Vehicles 28052 and 28105, there are 15 mph, 12 mghghatdph

reductions in average speed within thanaged laneetwork at the $0, $.50, and $1.00

toll cases when compared to the results from Vehicle 28052. These reductions in average
speeds occurred about 2 miles upstream of the Roswelldxdaohdat the entrance to

the Roswell Roathanagd laneentrance. While themanaged landistances for both

Vehicles 28052 and 28105 are roughly the samenteaged lanwavel times differed

by almost four minutes for&@30-mile travel time distanceln Figure36 below, the $.20
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